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Executive Sunmiary > 

EXECDTIVE SUMMARY 



This report describes microccmputers, their uses, and costs. Its objectives 
are to introduce' nticrocon^xiters to readers with some knowledge of computing 
but little or no background in microccmputers and to identify important issues 
associated with their, implementation in Government agencies. 

Because. of their low cost, microconputers provide an opportunity to automate 
activities in ways that had previously not been achievable. In addition, they 
can provide a lower \aost alternative to executjtng similar programs, on larger 
systems while providing users with more control over the computer. 
Microcomputers pos^a particular management challenge because. of their 
dispersion in large numbers throughojjt Federal agencies. The resulting 
problems of data integrity, control, and security can be' minimized if they are 
addressed early. 

The computing function has two parts: hardware and software. Hardware is a 
term which denotes the physical units ccmprising th^^ microcaiputer, i.e. the 
electronics, cabinet, keyboards, displays, and printers. The j5Conomics of 
developtnent and manufacture dictate* that hardware be designe<5 to serve a wide 
range of applications. The resultant benefit to users is the ability to 
purchase a useful computer at a low cost. However, this generality results in 
a system which must be subsequently adapted to perform useful functions. 

Software refers to computer programs. They consist of a list of 
instructions that adapts the computer to a specific application by causing the 
hardware to act in a certain manner. SofiSware perfoms three .major functions: 
(1) supervising the operation of the hardware, "(ar performing computation 
tasks for end users, .and (3) aiding computer users and prograimers. Hie first 
function is handled by a set' of computer programs which are collectively known 
as systems software. The second function is handle by application prografflSr 
and programs which handle the third function are called software tools or 
software development . - ^ 

This report classifies Federal microcomputer users as, follows: 
Clerical , 

• Clerical users include typists, junior secretacjies, and data entry 
personnel. Most clerical us6s of jnicrocomputers' involve data input 
(either nuiobers or text) formatting, or transcribing. Document 
preparation and administrative data entry are th^ most common 
applications of microcomfiuterS* 

Administrative , 

Mninistrative users of microcoitpiters include managers and other Federal 
workers \i?hose primary responsibility is related to adnnini strati ve tasksJ 
Adninistrative uses of microcomputers include accounting, budgeting and 
planning. ' 

-■ ' ii 

viii , 
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Professional 



Professional users include natural and social scientists, educator^, 
legal workers, and others working in professional fields, Uieir uses of 
microcomputers include data analysis (primarily stlatistics) and document 
preparation. > • 

Technical 

T^chnii/al users include programmers, engineers, and researchers who 
perform their own computer-based system design and programmijig. The 
primary distinction between technical and professional users is the 
extent to which they perform their cwn progr awning. 

The following table lists some user related characteristics that affect 
microcomputer usage: 



CHAIIACTERISTIC 



Scope of coiiputer 
related tasks 



CLERICAL ADMINISTRATIVE PROFESSIONAL 'TECHNICAL 



Specia- 
lized 



Broad 



Broad 



Broad 



Necessity of High ' Low 

ccmputer-based sys- 
tens fort job 

Conputer Background Limited Limited 



Relative amount of . High Low 
system usage < , 



Low 



Variable 



Low 



Variable 

Substantial 
High 



Tolerance for 
malfunctions, problems 



Availability of 
personnel for 
extensive training 



Lew 



Low 



■ ^ 

High' ^ Low 



Low 



Lew 



Variable 



Low 



Nepd for subsequent High 
support 



High' 



Variable 



Low 



Need for technical 
information 



Low 



Low 



Lew 



High 
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Executive Summary ^ 

T^lication software transforms a general purpose microcon^ter into a system 
for, performing useful tasks such as writing a letter or preparing a budget. 
The following table shows the most common types of microcomputer application 
software: ^ • 



APPLICATION 
SOFTWARE TYPE 



PURPOSE 



WORD PROCES3IN3' 



Creating, editing, and printing documents 



DATA MANAGEMENT. 



Organizing, storing, and retrieving data 



SPREAD SHEEH' 
PROCESSC»S 



Performing calculations and formatting for 
tabular reports (e.g. budget forecasts) 



GRAPHICS 



OOMMUNICATICN 



Presentation of data graphs and preparation of 
diagrafns and illustrations 

Data transf ejfs to and from other systems 



SPECIALIZED 
SOFTWARE 



Specialized computation tasks associated with 
various job functions (e.g. accounting, stati- 
stics) 



These applications can work independently, they can also be integrated through 
the use of cormon file structures, integrated packages, multitasking operating 
systems, or apjpLication environments. 

In atadition to these applications, specialized software exists to perform 
tasks such as project management, capital assets management, or electronic 
Clesign. In cases where no suitable specialized programs meet the needs of end 
users, custom pro'grkmming. is necessary. Users should first consider a data 
base management system or spread sheet analyzer before embarking on a software 
'development effort in a more traditional ccraputer language. 
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Although the cost of the microcomputer hardware and software is relatively 
low, the cost of effective implementation in a large organization can be much 
higher. The system costs start at the time the procurement is initiated and 
continue , throughout its life. 'Majqr cost components include hardware, 
software, procurement, site preparation, installation and implementation, 
training, supplies, maintenance, and communications. 

> 

Microcomputers create two types of riski^-: technical and organizational. 
Technical risks are related to the inability of the system to function 
accor'ding to expectations — i.e. to^al failu^^s or inadequate 
implementations. Aliihough installatiqn of larger systems also entails sane 
technical risks, microcomputers are unique because they are installea in 
settings where expert suj^rt is not always readily available. 

Organizational risks arise because of the "problems \n implementing and 
managing microcomputers in large organizations. Even if microcomputer 
installations are satisfactory from the individual user's point of view, they 
can pose a risk to the organization as a whole because of the difficulty of 
controlling such systems. In addition, there are concerns over mastering the 
new technology and the change in the nature of the centralized computing 
function. 

Preventing the problems given above requires a recognition of the risks and 
explicit actions to reduce or avoid them. Among the actions that an agency 
' can take are the institution of microcomputer policies, support provisions, 
maintenance planning, and development ot a training program. 



Those considering implementation of microcomputers^in their agencies should 
consider the following points: , 

Microcomputer technology is advancing at a rapid rate and new products 
are constantly b.eing introduced. 

Effective uti3.ization of microcomputers requires continuous support. 



Successful implementation of microcdnputers tequires consideration of a 
broad range of technological, organizational i ergonomic, and 
psychological issues, , 



The primary focus of control and responsibility for microcomputers shifts 
from a centralized data processing department (which traditionally 
controls larger installations) to individual users. 




V 



ABSTRACT 



This document is an introduction to microcomputers and their uses in the 
Federal government, Basic concepts in microcomputers are discussed, and 
their uses by clerical, a<3hdnist;rative, professional, and technical Federal 
personnel are described. The motivations, costs, and risks of microccmpdter 
use are identified, and fceooninendatidnB f or successful iji^lonentations are 
provided. Appendices contain.Ji glossary and annotated bibliography. 



KEY WORDSi microcorapuj^ hardware; microcomputer management issues; 
microcomputer soft%fi^e; micrdcomputer technical considerations; 
microcomputers. 
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CHAPTER 1 - INTRODUCTION 

.The National Bureau of Standards, Institute for Computer S6iences and 
Technology (ICST), acting in/response to its Brooks Act (Public Law 89-306) 
.charter, promotes the cost effective selection, acquisition, and Utilization 
'of automated data processing (A£)P) resources within Federal agencies, ICST 
efforts include research in computer science and technology, direct technical 
assistance, and the development of Federal standards for data processing 
equipment, practices, arid software. 

This report describes microcomputers, their uses, and. costs. Its objectives 
are to introduce microcomputers to readers with a limited background in this 
field and to identify issues related to their implementation in Government 
agencies. 

1.1. MOTIVATION / 

Figure 1-1 [yOUN82] demonstrates the lafge and growing importance of 
microcomputers. Because of their low cost, microcomputers provide an 
opportunity to -automate activities in ways that had previously not been 
achifi^jable. Some tasks that, they perform had previously been assigned to 
large ccHi^)uter installations and are being shifted to microcomputers because 
of economic reasons or because the user prefers more control over computer 
resources. It is therefore not surprising that Federal agencies are 
procuring microcomputers in sizable quantities. During an arbitrarily 
selected month in 1982, they accounted for 45% of the ADP procurement 
announcements in the Ccmmerce Business Caily; and an additional 27% of the 
procurements were for minicomputers whose performance was in the range of 
microcomputers. 

/ ■ , - 

Because of ^t!heir low cost, microcomputers can be procured and installed in 
roost Federal agencies with much less review and planning than is^equirfed for 
the purchases of larger computers. However, these installations are 
susceptible to a nuntoer of problems including: 

Limited computer experience'^ among end users 

A lower level of experience and capability among microcomputer sales 
personnel than among minicomputer and mai^nframe sales teams 

Difficulty of ^providing pre- and post-installation support 

Rapidly changing technology 

Incon^tibilities among systems in a single organization 
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Figure 1-1. Projected Growth of Microcomputer Instal latlons CYOUN823. 
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II2. FEODERAL REGULATlC^JS.AFFBCrnC MICROOOMPUTEJl PROCUREMfeNT AND USE 

The foundation of Federal ADP procurement regulation^ is the Brooks Act in 
which the Congress recognized the need for. Government-wide coordination to 
ensure the econcwic acquisition of conputers and related it«ns. The Brooks 
Act requires that Federal agencies wishing to acquire ADP equipment submit a 
purchase request to the General Services Adndnistration (GSA) for review and 
authorization. The regulations also calTfor the consolidation of agency 
procurements in order- to achieve quantity .discounts. Above a certain 
threshold ^$'500,000 was the threshold in August, 1983; it is raised as 
necfessary), the GSA directly participates in the acquisition process. 
However, lowei; cost systems are covered by GSA's Federal Supply Schedule 
Program in which contracts are negotiated with commercial firms to provide 
supplies and services at stated prices for a giveri period of time. A 
provision in this schedule known as the Maximum Ordering Limitation (MOL ~ 
$50,000 in 1983) authorizes Federal agencies to procure systems directly from 
vendors up to the MOL without further negotiations. 



Because the Brooks Act did not anticipate the advent of computer systems^ 
costing under $5000, it did not provide a framework for microcomputer 
procurement. Individual agencies have established policies that range from 
laissez lailfe to specification' of a named ^stem with extensive justification 
and approval required for exqeptions. Moreover, any degree of control can be 
circumvented by disguising microcomputers as laboratory equipment, training 
devices, or office machines, 



Although microcomputer procurement has evaded centralized control, 
microcomputer usage has not. The Privacy Act (1974), the Tax Reform Act 
(1976), and the Fair Credit Reporting Act (1974) addressed concerns on the 
accuracy, integrity, accountability, and 'accessibility of information held by 
the Federal government in all computers — microcon^juters are not exonpt. The 
Paperwork Reduction Act (1980) dealt with these concerns and also required 
justification for the relevance of the information gathered and the efficient 
use .of the technology. 0MB Circular A71 (1976) addressed concerns on the 
misuse and abuse of Government ocatiputer systems, and 0MB Circular A123 (1983) 
specifically addresses internal control^" in Government financial systems. Uie 
overall' intention of these laws and regulations is to control how Government 
information — particularly that affecting individuals and private 
organizations — is gathered, stored, and processed. Microconpjters pose a 
particular management challenge because of their dispersion in large nurtibers 
throughout Federal agencies. The resulting problems of data integrity, 
control, and security can be minimized if they are addressed during the 
conpiter procuremait stage. 
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l.T CONTENTS OF THIS REPORT 

This report introduces microcanputers and discusses their implementation and 
use in Federal agencies. The following topics are covered: 

Microcdnputer Hardware and System Software 

Chapter 2 describes microcomputeis hardware and system software. 

Microcflnpiter llsera 

Chapter 3 defines a classification of Federal userfe consisting of\ 
four categories: clerical, administrative, professional, and 
technical. The chapter describes distinguishing characteristics of 
'"*each dlassif ication and relates them to desirable microcomputer 
features and capabilit/es. 

Miorocomputer Applications 

Chapter 4 discusses the u^e of microcompi^ers by the four user 
classes defined in Chag^ier 3. It also covers issues concerned with 
the use of specialized application software and integrated packages. 

Management issuep oi Microc omputers 

Chapter 5 identifyies management and usage issues of microcomputers. 
'It also includes a discussion of the types of microeonputer systems 
currajitly available and tM appropriate uses. 

Appendix (a contains a glossary of terms related to microcomputing. 
Annotated Bibliography 

Appendix B contains. a list of books ^nd articles written at a 
nontechnical ^.evel on various subjects discussed in this report. 

Much of the information of these chapters is presented in tabular form. This 
H, format also shows the relationship among issues and facilitates the 
identification of important points. Related Special Reports have been 
prepared on the following topics: programming .of microcomputer systems 
[NBS83a]/ microcomputer selection [NBS83b], and selecting microcanputers for 
administrative and managerial users [NBS83c]. 
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1,4. DISCLAIMER AND TRADEMAE^C IDENTIFICATIONS 

Becajise of the nature of this report", it is necessary, to inention some v^dor 
names and coimercial products. !flie presence or absence of a particular trade 
name does not imply criticism or endorsement by the National Bureau of^ 
Standards, nor does it imply that the products identified are necessarily the 
best available for the purpose. " > ' 

CP/M is a trademark of Digital Research, Inc. MSDOS is a trademark of 
Microsoft, Inc. UNIX is- a trademark of Anerican TelejAione and Tfelegraph, Inc. 
CP/M and CBASIC are trademarks of Digital Research, Inc. MSDOS, MSPORTRAN, 
and Microsoft BASIC are trademarks of Microsoft, Inc. VisiCalc and 
xklSolver are trademarks of VisiCorp. Ada is a trademark of the. Departmoit of 
Defense. 

Finally, the authors wish to emphasize that the technology is rapidly 
changing. When this study was initiated in May of 1982, 8-bit computers still 
dominated the marketplace. By the time it was completed, microcomputers 
capable of executing mainframe software w^re available. However, issues 
related to the nature of the end user commtmities, the .peculiar problems and 
possibilities of the highly interactive conpating, and the requirements for 
computer applications appear to be less volatile. Eln{Aiasis has been placed on 
these latter issues, but discussicais related to hardware and operating systems 
are of necessity more temporal. 
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CHAPTER 2 - 4|PVERVI1SW OF M I CROCOMPDTERS ' , 

This chapter discusses tho. function of microcomputer hardware and software 
components. Section 2.1^ntroduces tllie concepts of hardware and software. 
Section 2.2 discusses microcomputer hardware, section 2.3 describes 
microcomputer systems software, and section -2.4 introduces jprogranimihg 
laoguages. Section 2.5 discusses microcomputer communication, and seation 2.6 
concludes this chapter with a description of types of microcomputer systems. 

2.1. WHAT IS A MICROCOMPUTER? 

A microcomputer is a small and inexpensive computer. To a' computer designer, 
a microcomputer is a system centered around a microprocessor; and associated 
circuitry (see section 2.2.9), To computer programmers, a microcomputer is a 
new type of system for executing programs. Information resources m^gers^ inay 
view microcomputers as the means by which the data processing functionUs 
restructured. To usersf microcomputers represent an accessible °and^onveni>ait 
form of computing. Perhaps the only common element in eafj^of bfiese 
perspectives is that microcomputers are the most significant development in 
data processing to emerge from the late 1970s. 

Hie confuting function has two parts: harA/are and software. Hardware denotes 
the physical units comprising the microcomputer, i.e. the electronics, 
cabinet, keyboards, displays, and printers. The econcxnics of development and 
manufacture dictate. that hardware be designed to serve a wide range of 
applications. The resultant benefit to users is the ability to purchase a 
useful computer at a low cost. However, this generality results in a system 
which must be^ subsequently adapted to perform useful functions. 

^ Software refers to computer programs. These programs contain lists of 
instructions that adapt the computer to a specific application by causing the 
hardware to act in a certain manner. An example of this adaptation is the 
common use of microcomputers fcs word processing systems even- though the 
hardware is not specif ica]?ly intended for that application. The term 
"software" originates from the notion that computer programs are easier to 
change than 'the hardware. ^ . . 

> 

Software performs three major functions: (1) supervising the (^ration of the 
hardware, (2) performing computation tasks for end users, and (3) aiding 
computer users and programmers. The tirst fimction is handled by a set of 
computer programs which are collectively known as systems software . The 
second function is handled by a pplication programs, and programs which handle 
the third function are called softwar^ -sfaoels or software develogment .aldfi • 
Systems software is discussed in section 2.3, and application software is 
described in chafJter 4, and software development aids are introduced in 
section 2.4. 

2.2. MICROCOMPUTER HAREWARE 

Figure 2-1 shows tfie ocmponents which comprise co!t¥)uter harch^are and table 2-1 
bifiefly describes their functions. Sections 2.2.1 through 2.2.8 discuss the 
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individual components and section 2.2.9 provides a brief OverView of the 
techhology used in these cartiponents, 

V 





Figure 2-1. Microcomputer Hardware Devices 
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TABLE 2-1. mJGR MICROOOMPOTR HApEWARE CXDMPONENTS 



COMPONENT 



DESCRIPTION 



PROCESSING/MEMORY UNIT 



DISK DRIVE 




KEYBOARD 



VIDEO DISPLAY SCBEEti 
(or. CRT) 



PRINTER 
MODEM 



V 



Contains the central processing unit, 
memory, and circuitry for transferring data 
to and from the memory . 

Storage vOf data when not being manipulated 
by the computer. Other devices which may be 
used for the same purpose include magnetic 
tape, bubble memory, or optical disks. 

A typewriter-like arranganent of keys used 
for entering letters, numbers, and other 
information into the* computer. 

J- ■ 

A television picture tube-like unit which 

displays information generated by the 

conpiter. 

Puts irtf ormation on paper. ^ 



vv^Sends and receives data transmissions to 
and from other systems over telephone 
lines. Other means of computer 
communication which send signals through 
differ Qit types oi^ cables (e.g. coa}{ial or 
. fiber optics) are also available. 
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. 2.2.1. Processing and Memory 

The heart o:^ the microcomputer is the central processing unit (CPU) r which is 
also referred to as a'microprocessor (a microcomputer consi-sts of the CPU, 
memory, and interfaces ^ peripheral devices). Most microcomputers are 
based on the microprocessors shown in table 2-2. ' The utilization of 
comparatively wfew CPUs has contributed to industry-wide standardization and 
the resultant wide acceptance of microccinputers. Hie most cannon descripto 
of microprocessors is the number of "iDits" (an acronym for bjlnki^ digit 
smallest unit of information) that may be operated upon at; one time, 
first microprocessors operated on 4 bits in parallel; curreit mferoproces 
operate on 8, 16, or 32 bits. ' 

CPUs that work with a large number of bits have three advantages over those 
that wolrk with a smaller number: they process information faster, they have, 
more instructions (i.e. they can do more), and they can access much larger 
amounts of memory. As a result, they can execute more sophisticated software 
and manipulate larger amounts of data. 

The ccxnputer memory contains the program (i.e. the list of instructions) which 
^the central processing unit executes. There are two types of memory, read- 
. only and randan access. Read only memory (ROM) is programmed at the factory 
and can not be written^into by the user, i.e. it is permanent . ' ROM is useful 
for frequently executed programs that do not change. At least a portion of 
most operating systems is furnished as ROM. Many systems "also include a 
canmon language processor such as a BASIC interpreter (discussed in section 
2.4) in read only memory. 

Unlike ROM, most random access memory (RAM) is volatile , i.e. when the 
computer power is turned off, its 'contents disappear. A benefit of the 
impermanence of- RAM is that the function of the microconputei: jpay be changed 
by reading a new program into random access memory. By changing programs, 
the same hardware may be used f,or diverse tasks such as word processing or 
planning departmental budgets. Changing programs in read-only memory requires 
replacing the memory chips which are usually packaged in a "cartridge." This 
technique is used with some small portable microc6mputers and pocket 
calculators. 

Both RAM and ROM Store bits in groups of eight bits called "bytes". Each byte 
may be used to store an encoded character such as a letter of the alphabet. , 
The code for alphabetic and other characters has been standardized by the 
American National Standards Institute as the American Standard Code for 
loformation Interchange (ASCII) and has been adopted t?y al»i microcomputer 
manufacturers. 

Memory capacities are measured in kilobytes (abbreviated as Kbytes or "K"). 
Kilobytes are defined as having 1,024 bytes rather than 1,000 bytes because 
microconputers use binary arithmetic and ,1,024 is. an integer power of two. For 
the applications in this report, microconputer memoriies range fron 64 to over 
_ 1,000K, and the trend is to. larger memories as prices fall and more memory 
circuits are placed on a single integrated circuit (or "chip", see section 
2.2.9)." 
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' TABLE 2-2. QDMfON NffCROPROCESSORS 

* 

'NQ. op BMS manufacturer , • DESIGNATION^- 



8- f Intel , ^^ 8080 , 8085 

y ^ " Zilog zao 
Mostek 6502 , 

# • ■•■ 

16 Intel 8086, 8088, 

iAPX 186, 286 

Motorola 68000 

\ Zilog Z8001, Z8002 

■ Natiortal Semiconductor , 16032, 16008 ' 



32 Hewlett Packard [undesignated] 

; AT&T BellMAC 32 

Intel iAPX 432, 386 

■ . * 

Motorola 68020 ^^^^ 

; National Semiconductor 32032, 32132 

i ' ^ • 

; Z'ilog I '^Z80,,000 ^ . 



I 
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2.2.2. Mass Storage 

Mass storage devices ingluding magnetic disks, tape, and bubble memory provide 
non-voiatile storage which can be changed by the user (as opposed to ROM,- 
which can not be "easily altered). Because of the relatively slow access time 
on mass storage devices, data must be transferred to RAM before being used by 
the CPU. Therefore, mass storage is sometimes referred to ^ "external" 
storage in contrast to the "internal" storage provided by ROM or%AM. 

Magnetic Digks 

• 

Magnetic disks are the most widely used form of mass storage because 
they allow relatively rapid access to any locatiAi on the disk. Three 
■ important factbrs affecting performance ar^^ 

• Access time; the time necessary to reach a designated location 
/ on a disk (analogous to the movement of a phonograph needle to a 
point on a record). . . 

Data transfer rate: the rate at which data can be transfeuced fron 
the disk to RAM and back. ' - 

* ' ■ 

Capacity: the amount of data which can be stored on a disk. In 
general, large disk capacities are desirable. 

Two types of disk storage units are currently available: "floppy" or 
flexible disks and "hard" or rigid disks. Floppy disks are generally 
less expensive but have lower performance than hard disks. Table 2-3 
describes the various diameters and capacities of current floppy disks. 

The most common rigid .disk diameters are 8" and 5.25" ; the latter 
diameter is apparently emerging as the dominant choice of system 
manufacturers [KILL83, MILL83, DOHE83, JOHN83]. The capacity of 5.25" 
rigid drives 1^ 10 to 20 Mbytes in current microcomputers, and current 
advances in storage technology make it probable that, these capacities 
will increase many-fold. Some manufacturers off er drives which hold 
several disks with a resultant doubling or tripling of the storage 
capacity per drive. With most hard disks, the storage media are not 
removable from the drive. Thus, data backup (i.e. creation of duplicate 
^ copies of the data on an alternate storage device in the event of a disk 
failure) and off-line storage (i.e. placing the disk contents on .a 
^ magnetic tape, floppy disk, or other medium which may be physically 
removed and stored) t.s desirable. ' • 

Magnetic Tape 

Although magnetic tape was initially used as a^ta storage medium for 
microcanputers, the superior performance of disl drives has resulted in 
its being displaced as a primary mass storage medium in most systems. 
However, specially designed magnetic tape cartridge units are currently 
used to back up hard disks,* 
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TABLE 2-3 ". FLOPPY DISKS 



CURRENT mm CAPACm* COMMENTS 



CHAPTER 2 



DIAMETTEIR 

8" 241 Kbytes - l.€ Mbytes 



5.25" 160 Kbytes - 2 MBytes 



Sub - 5" 125 Kbytesjr_pj5J^^^ 



First introduced by IBM in 1970 
for larger systems; low storage 
capacity data format is quite 
popular and is a ready means of 
exchanging data and programs with 
other systems. 

Introduced by Shugart in 1976; 
became more popular than 8" 
drives because of smaller size. 
Th6re are many differoit formats 
for 5,25" drives; thus, 
exchanging programs and data is 
often difficult, 

Sub-5" drives have the pot entia l ^ 
of offering shorter access times, 
higher transfer rates, and higher 
densities in smaller and more 
reliable units. However, at 
present, 5 different proposed 
standard formats in 4 different 
disk diameters and several 
alternative packaging techniques 
exist. None h^e yet emerged as 
dominant. 



* Capacities of commercially available units as of mid-1983; capacities as 
high as 10 Mbytes have been announced for floppy disks using vertical magnetic 
storage technology [KILL83] . 
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QtheiL aJechaolcgiea 

Additional mass storage technologies are constantly emerging. Magnetic 
bubble memory is useful for mhss storage in specialized applications 
Vhere high reliability or low weight are considerations. Its 
disadvantages are higher cost and limited capacity. ' Optical disks may,^ be 
useful for storing large amounts of pennanent data, but the technology is 
still relatively new, and additional work on the basic technologyr 
hardware interfaces, and system software is necessary for these devices 
to become practical for common applications. 

2.2-3. keyboards 

Keyboards are the most coimon input device for current microccmputera arid may 
be either an integral part of the case holding the video display or detached. 
In addition to the letters, numbers, punctuation, and special symbols 
typically found on typewriter keyboards, some microcomputer keyboards have 
special iunction Jsfiys. These keys allow the user to manipulate the display, 
memory, programs, or peripheral devices. Numeric keypads (i.e. those 
resembling adding machine keyboards) and cursor control keys (see section 
2.2.5), are also found on many microccn^ters keyboards. 

2.2.4. Other Input Devices ,.:,.,;.;v.v -.r^-.^^^^^^r^^-r^, - 

Keybbards may be supplemented by other input devices including pointing 
devices, digital to analog converters, and voice input. 

Pointing devices enhance curator convenieice in such cperaticms as making a 
choice from a list of options or indicating data to be acted on (e.g. 
designating a paragraph to be deleted from a document) and for performing 
graphics operations. Table 2-4 lists pointing devices which are coimonly used 
for microcon^ters- 

Analog to digital conversion is useful in situations .where temperature sensors 
(e.g. thermocouples or thermistors), pressure sensors (e.g. transducers), 
radiation detectors, or other devices may be the source of the input. In 
these casfes, continuously variable analog voltages from instruments are 
converted to discrete digital form &nd read into the coit^ter's memory. 

Voice input devices ar^ also available. The voice may either be recorded for 
subsequent playback or it may be analyzed by the computer in an attempt to 
recognize the word or sound. Unfortunately, the storage capacity of current 
microcomputers is too limited for lengthy messages, and systems that analyze 
and discriminate words have limited vocabularies and problems differentiating 
speech from ambient noise. 
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DEVICE 



TABLE 2-4. ^ OOMMDN P0IOTIN3 DEVICES 

DESCRIPTIOJ 



Mouse 



Light pen 



Joystick 



r 

Digitizing tablet 



The moose is a small; hand held device which, when 
moved across a flat surface, pauses a corresponding 
signal to be sent to the computer, Hie motion of the 
mguse may be detected using either an optical or 
mechanical system. 

The light pen is a ^n-like device which detects 
changing light as it appears on a CRT screen (secticxi 
2,2.5) and generates a signal when this occurs. The 
time at which this signal is generated can be 
translated to a corresponding position through a 
part of the system software. The primary advantage 
of- light pens\is. that the curator can rapidly move 
them to any t<>X^^ on the CRT, A disadvantage is thjat 
the operator must lean forward and touch the screen, 
an activity which can result in fatigue if performed 
frequently, ' » 

The joystick is a finger-sized (or smaller) device 
which sticks out from the plane of the table or 
keyboard. It is connected to movement generators 
which send both horizontal and vertical signals to. 
the computer depending on how it is manipulated by 
the operator. Although higher precision models are 
canmonly used for caipiter aided design and drafting 
on larger computers, joysticks designed for 
microcomputers ' are typically low cost and low 
precision input devices which may not be suitable for 
many applications. 

A digitizing tablet is a special surface which may 
vary from the approximate size of an index card to 
that of a large drawing. This surface can sense 
movement of a stylus (or similar deviqe) and transmit 
the data to the canputer for subsequent processing. 
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2.2.5. Video Display Monitors 

Video display monitors, also referred to as video display tubes' (VDTs) or 
video display units (VDUs), are the most common output devices on current 
microcomputers. Because nearly all use cathode ray tubes similar to 
television sets, they are often referred to as CRT terminals or simply CRTs. 
Low^end microcomputers use television sets, but the display quality (i.e. the 
clarity with which characters are displayed) is generally poor. Such systems 
are not of interest for the applications covered in this report. Displays 
that are of interest may be characterized as follows: 

gQlQiL Monochrome 

Typical color monitors can display from 8 to 265 different colors. 
Variations in color may be used for aesthetic value or to enhance the 
amount of information on the display (for instance showing negative 
numbers in red). Color displays are generally more expensive than 
monochrome displays and require more memory, either in the display unit 
itself or in the cotiputer. 

Monochrome displays hav6 only a single, light foreground color, usually 
white, greep, or amber. Some displays show dark characters on light 
backgrounds. The question of which combinations are best from the 
operator point of view is being studied, but there are no currently 
generally accepted conclusiops IKETC82]. 

Cliaracter Oriented or Bit-MaPPed 

As shown in figure 2-2, characters are made up of discrete dots. To 
fonp a given character, certain dots in a matrix, of possible dots are 
illuminated while others are not. A character oriented display can show 
only certain pre-defined patterns of dots which make up the 96 characters 
specified by by the American National Standards Institute (ANSI), and up 
to 128 additional characters. These additional characters may be used 
for foreign alphabets, geometric characters, and other special symbols, 
but they are not standardized and vary from manufacturer to manufacturer. 
Character oriented displays typically have a capacity of 24 or 25 eighty- 
character lines. 

With a bit-mapped display, any dot can be turned on or off. This 
capability allows the creatipn of graphics, non-Latin characters, and 
many other features which are under control of software. Although bit 
mapped displays offer greater flexibility, they are more expensive and 
require more hardware and system software sv^jport than character oriented 
displays. 

Whether a bit-mapped or character oriented display is used, the quality 
of the displayed characters depends on the number of dots making up each 
\ letter or nuntoer. There are significant legibility (and resultant eye 
strain) differences between characters made up of dots on a 9 by 14 
matrix and a 6 by 9 matrix. 
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FIGURE 2-2. ASCII Characters displayed as a series of dots 

(from CIBM81] p. 3-17) 
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ri^aoQEBficl and Setifll liisjaaxa 

A memory-mapped CRT displays whatever is placed in a certain portion of 
the .computer's memory. iSiis method, facilitates the rapid change of the 
display- but requires additional memory and specialized interface 
hardware. Serial displays receive characters one at a time, and display 
them as they are received. Although this technique is slower and may not 
be suitable for graphics (up to 20 minutes may be necessary to fill a 
'medium resolution — i.e.- 600 x 600 — screen [DOHE83b]), it enables the 
) manufacturer to use standard interface hardware and widely available 
VCRT/keyboard units. 

£lflfe IjliSElps - , 

le increased interest in portable computers has spurred the develcpaent 
o\ flat displays which do n6t use bulky cathode ray tubes. Currently, 
the most common types of flat displays use liquid crystals similar to 
thbse used in calculators and digital watches. These displays are 
generally small (from 40 to 320 characters) and difficult to read in 
dim light. Another type of flat display uses an array of tiny plasma- 
firied light bulbs which act as dots that can display characters and 
gra^io^ in the same manner as CRTs. However, these plasma displays are 
more expensive than liquid crystal displays and require additional 
poweiL a problem in poi;table units. , 

2.2.6. PriViters 

Printers vary in many characteristics including paper diinensions, printing 
speed, printing methodology, quality, paper-handling, size, and noise levels. 
The methods ^or interfacing printers to the computers are also quite variable. 

Speed and — ' — ^ 

Microcon^Mter printers generally print a single character at a time, and 
their speeds are rated in characters per second. Throughput, which may 
be as little as 1/3 of the character per second rating [PRES831, is based 
on the nun^r of pages per unit time that can- be printed. Throughput is 
a more realistic measure of productivity but can not be measured as 
easily as printing speed. Differences between throughput and printing 
speed ijan be \due to the paper feed and print head positioning mechanians 
or to the "intelligence" of the .printer (i.e. not moving the print head 
to an area of \ blanks). 

Printing Piocess 

Mechanical or \impact" printers form characters by striking an inked 
ribbon against toper. Fully- formed character printers strike a formed 
character, like a typewriter. Dot matrix printers make up a letter in 
the same manner ^ a CRT display. The fully formed-character printers 
(which are also referred to as letter quality printers) are generally 
slower and more e3i)ensive, but they produce higher quality output than 



dot matrix printers 
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Most dot matrix printers work by striking pins against a ribbon. ?oine 
have multiple colors. These printers are nearly always faster than the 
faintest fully fprmed-charactsE printerSr but the dots making up a 
character are noticeable. Quality improvemen^ts in dot matrix printing 
include the use of more dots per character and the staggering of dots on 
a second pass. A© was the case with bit-mapped CRTs, some printers are 
capable of printing individual dots, and graphics or custom -type fonts 
can be drawn. 

Nonmechanical printing processes include thermal and electrostatic 
» techniques. Thelte techniques are of ten used in small special purpose 
printers and may require treated j^apers [POST831. Newer techniques 
inclpde ink jet printing and laser printing. Although promising, they do 
not yet provide the same quality as fully formed impact printing for a 
given cost. 

Precision Positioning £Qaitr^2l ' 

Precision positioning control is the ability to position the printhead 
(the part of the printer which actually produce^ the character on the 
paper) at any point on the page with high precision (typically 1/120 " 
horizontal and 1/48 " vertical). TMs capability, when combined with the 
appropriate driver software in either the printer or the CPU allows the 
following features: 

Variable pitch printing (i.e. the ability to print an "M" which is 
wider than an "1" and adjust the horizontal position of the 
printhead accordingly) 

Proportional spacing or klcro justification (i.e, the ability to vary 
the amount of space betwe^i characters for .right justification) 

Boldface' printing (i.e. overstriking the samei character with ^ 
slight offset to make^|: appear wider and darker) 

Superscripts and subscripts 

High quality gra^^ics (see figure 4.7) 

Pa per Haiidling ^ 

Two conmon techniques of paper handling are used in printers: friction 
feed or traction feed. Friction feed uses a typewriter-like pressure 
; platen to feed the paper through the machine. Traction feed uses two 
star-shaped wheels and pin holes in the side of the paper. Friction feed 
is useful for individual sheets and paper without the holes necessary for 
tractor feed (e,g. typical office stationery). Traction feed is useful 
for continuous printing involving a large number of sheets. 

The most common types of printers will handle 8 1/2 inch wide sheets? 
printers handling sheets of up, to 14 inches wide are also available. 
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Noise is an inevitable result of the mechanical nature of some* printing 
processes. Pot'-matrix printers are often quieter than fully formed 
character printers. Nonmechanical printing processes including thermal/ 
chemical, ink jet, and laser printers are generally even quieter, but 
noise from fans or other auxiliary systans may cause problems. 

Reliability 

Because printers are made up of many mechanical parts, their reliabilil^ 
and maintainability may be a source of problems, Non- impact printers 
(i.e. thermal, electrostatic, or chemical printers), have fewer moving 
parts ^d thus have fewer breakdowns. Other non-m^chanicel printing 
technologies, for example ink- jet or laser printing are still relatively, 
new, and not all performance and reliability problems have been 
solved in lower cost unita , 

Com patibilitY 

Most current printers use internal microcomputers to control the printing 
process. Hiese microconputers are responsible for the "intelligence" of 
' the printhead positioning mechanisms, the capability for producing 
graphics, and many other printing functions. Many of the functions 
performed by these printer microprocessors are under software control of 
the main CPU, and software compatibility must exist, TJie need for such 
compatibility can complicate the interfacing of a printer to a* 
microconputer. Thus, users should not assume that any printer will work 
with any microcomputer — even if they both nominally follow the same 
■ standards for hardware interfaces and ASCII character sets. 

2.2.7. Othjer Types of Output Devices 

Additional types of output devices include plotters, -digijtal to analog- 
converters, and voice ouput. 

Plotters are lised for graphical butput, and a|;e avail abl'e at low cost. In 
these devices, a pen is moved on the surface of a sheet of paper in order to 
draw graphs. Color graphs can be produced by plotters with multiple pens 
which contain diffferent color inks. Plotters are useful in managerial, 
scientific, and technical .applications. 

Analog output is necessary for specialized laboratory or process control 
applications. Digital to analog converters (DACe) convert digital data 
(typically represented as 8, 12, or 16 bits) into a voltage level which can be 
amplified or otherwise manipulated externally. 

TVo general t^^s of voice output devices are available: recorded vocabulary 
machines and voice synthesizers. Recorded vocabulary devices store a digital 
representation of a pre-recorded message and play it back without further 
processing. Two techniques are used for voice synthesis: one uses a 
mathematical formula to create a signal which simulates speech based on 
parameters stored in memory and the second uses a set of stored primitive 
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sounds Cphoneraes")' to assemble words. These voice synthesizers' usually have 
their own ndcroprocessors, and are programmed to accept standard ^characters 
(such as would be printed or displayed) an^ convert them- to the appropriate • 
phonemes for, pronunciation. They are more flexible than the recotded- 
voc^lary machines, but less intelligible. 

2.2.8. ' Conmunication Hardware 

Hardware necessary to support communication can range frcm a simple cable to 
connect two serial or parallel interfaces (discussed in the next section) to 
cxmilex circuitry involving data flow control, error detection anS correction, 
ana conriunication routing. 

If the two systems are nearby each other (i.e. in the same room), then it is 
frequently possible to connect their output ports (see section 2.2.9) by means 
of a cable. Because it is often necessary to cross connect pins, the 
operation should be performed by someone who is technically qualified. 

If the computers are to be connected over longer distances, modems caji be 
utilized. Modems are devices which convert computer output to an analog 
signal for transmission over telephone lines (and also convert the analog 
signal to a digital signal at the receiving end). The range of options 
available on modems is quite large: simple units do little more than perform 
the digital to analog signal conversion; more "intelligent" units can 
automatically dial numbers, store messages for delayed transmission, and a 
number of other functions. 

Specialized communication interfaces are necessary if the computers are to be 
connected to local area networks or other systems which use synchronous 
transmission or advanced communication protocols. A more detailed discussion 
of these topics is presented in section A- . 5, 

2.2.9. Microcomputers at the Component Level 

Each of the devices described in the previous sections are made up of 
a number of different components. While most computer users need not concern 
themselves with the internal structure of the hardware, knowledge of some of 
the, names and purposes of these parts may prove useful. Nearly all digital 
devices contain the following eleipents: 

Integrated Circuits 

Information processing is carried out in small electronic parts called 
integrated circuits (iCs). Advances in microcomputers are a result of 
increasing the number of functions that can be placed on a single 
integrated circuit, in the course of the last decade, ICs have moved 
from medium scale integration (MSI — hundreds of transistors per IC) 
through large scale integrated circuits (LSI thousands of transistors 
per IC) to very large scale integrated circuits (V^iSi — - tens of 
thousands of transistors p6r IC). A single VLSI circuit can provide 
functions formerly found only in larger computers in a form that is 
inexpensive, reliable, and rugged. S6m of the common types of 
integrated circuit are briefly described in table 2-5. However, several 
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of the functions described in the table ^re frequently found on a single 
IC. Figure 2-3 is a drawing of an IC and a socket (explained in the next 
paragraph) . 

£dJitfid £l£aiit £Qai:da 

Integrated circuits are mounted on epoxy resin (i.e. plastic) cards and 
are connected to each other by pathwf^s of copper bonded to the plastic 
surface ofe- these cards. These/cards are called printed circuit boards. 
The ICS may be soldered directly onto the boards or placed in sockets. 
Boards containing socketed |Qs are more easily serviced, but aire also 
more prone to failure and more expensive, printed Circuit boards 
containing RAM ICs are frequently socketed to facilitate replacement of 
failed unita Figure 2-4 is a drawing of a printed circuit board. . 

\ 

Internal Microconyputer Buses y 

A microcqn^ter bus is-^a set of conductors which interconnects various 
functional groupings (e.g. memory, disk interfaces, CPU, etc.). 
Typically, a microcomputer bus consists of power, timing, data, address, 
and control lines. Many microcomputers are composed of a number of 
circuit boards which serve distinct functions (e.g. jnemory, disk drive 
control, CRT control, etc.). This design provides manufacturers and end 
us^B with more flexibility to meet individual requir^nents. If the bus 
design has been published and well documented (i.e. physical dimensions, 
electrical characteristics, line assignments, communications protocols, 
and timing are all specified), then third party vendors can supply 
additional boards which further enhance the functionality of the 
microconputer. Uie Institute of Electrical and Electronic Engineers 
(IEEE) has published two standards for two buses: IEEE Std 696 (based on 
the MITS S-100 bus) and IEEE Std 796 (based on the Intel Multibus). 
Applications such as laboratory or field data collection may require the 
use of these standard buses for the connection of specialized devices. 
Standards for, other microcomputer buses vare currently being developed. 
Published specifications for the IBM PC and Apple II buses are also 
"available, although these are not formal standards. 
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Figure 2-3. Integrated Circuit and Socket (from [IBM81] p. 3-|17) 




Figure 2-4. Ptinted Circuit Board (from [IBM81] p. 5-41) 
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TABLE 2-5. TXPES OF INTEGRATED CIR(!lUITS 

4 

/ 

CmOJIT TYPE PURPOSE . 



Functions as central processing unit of computer.' 
Fetches data and instructions fjcm memory, operates on 
data, and stores data back in memory. 

A specialized microprocessor that is activated by the CPU 
for specialized operations such as mathematical' 
cailculations. , . 

Contains electrical circuit elements which store binary 
data as the presence or absence of an electric voltage. 
Common RAM integrated circuits contain between 16,000 and 
256,000 of these elements. 



Microprocessor , 
(CPU) 



Coprocessor 



Random Access 
Memory (RAM) 



Memory Management 
Unit (MMU) 



Direct Memory 
Access Controller 

Interrupt 
C^ontroller ^ 



UART or USART 



Modem 



D/A Converter 
(DAC) 



AA) Coitverter 
(ADC) 



Partitions and controls memory areas for more rapid 
access, protection of critical areas, multitasking 
systems. 

Directs data transfers between disks and blocks of memory 
without the need for CPU interventicm . 

Interrupts the CPU (while it is performing another 
taskr directs it to a specific set of instructions, and 
saves the results of the interrupted task to enable the 
CPU to ciontijiue processing it finishes servicing the 
interrupt, use of an interrujjt controller enables the CPU 
to perform several different tasks simultaneously (e.g. 
printing oneldociment while editing another). 

Universal (Synchronous/) Asynchronous Receiver 
Transmitter, . Controls transfer of data from the computer, 
to an RS-232 ^r other type of serial port. Keeps track of 
timing, and sljiatus lines. 

Modulator/Demodulator. A device which connects" the 
microcon^wter to a telegiaotie, teletype, or intercom line. 

Digital to Analog Converter. Ctonverts the digital output 
of the microcomputer into ian analog sicfnal (typically a 
voltage) . ». 

Analog to Digital Converter. Converts an analog signal 
from a sensor (e.g. thermocouple or transducer) to. a 
digital signal which can be processed by a microcomputer. 
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IZQ Interfaces 

• , .1 «• 

standardization is also necessary for the connection of peripherals (e.g. 
printer 0, plotters, cowmunication lines, etc.) to the microcanputer." The 
most formal stancferd for this type of interface is a parallel connection 
which has been designated as IEEE Std 488. Unfortunately, two less 
standardized interfaces are far more commons the RS-232C interface is 
used for serial ccainections and the Centronics printer interface (named 
af-ter a printer manufacturer which originated it) for parallel 
connections. Thus, end users should not depend on designations like 
"RS-232C'' compatible as the assurance that devices from different 
maiiufacturers will function correctly when connected. 

.2.3. SYSTEMS SOfTWARE 

Systems software consists of two parts: the operating system and utility 
programs. The operating system supervises the operation of the computer 
including c?ontrol of peripherals and execution of programs. A very In^rtaht 
function of the operating system is the transfer of data between the disk (or 
other mass storage device — see section 2.2.2) and RAM; operating systems are 
sometimes refeifVed to as disk operating systems or simply "DOS" for this 
reason. Utility programs enable the user to perform functions such as the 
routing "of data and manipulation of files. Together, the operating system and 
the accompanying utilities form the software "backbone" of the computer. 
T^le 2-6 describes the conroon functions of operating systems and associated 
utilities in more detail, and table 2-7 lists commonly available types of 
microcomputer operating systems. 

Systems software is generally purchased with the microcomputer hardware, and 
all or parts may be stored an ROM, Many microconiputer manufacturers offer 
several different operating systems for their hardware, and independent 
software ccmpanies may sell their operating system for a given microcanputer, 
independent of the hardware manufacturer. 

Two issues related to operating systems are important to microcanputer s; 
con^tibility with ^3piication software and the user interface. 

Compatibilit y idth A pplication Software ' 

Operating systems are the "pliig" into which the application software must 
fit in order to run on a microcc3mputer. In other words, applicatidh 
programs are written to be compatible with .a i^pific operating system. 
Thus, the most important characteristic of an operating system is the 
availability of software pertinent to the intended use. Communities^ 
which Include thousands of programs and vendors, magazines, users groups 
and clubs, conventions, books, and experts have been established for 
dominant operating systema 

For 8-bit madiiftes, the CP/M operating system has predominated because 
hundreds of .h4rdware manufacturers have adopted it. MSDOS, an operating 
system with 'djesian' roots in CP/M, has become dominant in lower 
performance 10-tJttr4ystems. UNIX, an operating system that was developed 
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TABLE 2-6. GENERAL FUNCTIONS- OF SYSTEMS SOFTWARE 



FUNCriCN 



RELEVANC51 



DESCRIPPICN 



Meinory and 

Reeouroe 

Management 

Ir^Hit and 
Output 



Directory 
Maintenance 



Utilities 



Command 
Processing 



All Users Allocates* system resources such as memory space, 
disk files, and I/O devices. Allows application 
software to acCess these resources. 

All Users ' Controls peripherals that are attached to the 
system (e.g. CRT, printers, plotters, etc.). 
Some operating systems also permit I/O 
redirection, i.e. tl;ie routing of data meant for 
one peri^eral (e.g. printer) to, another (e.g. 
disk). ^ 

All Users Maintenance of a list of file names, their 
I , location on the disk, size, protection state 

(e.g. read/write, read only, copy protected) and 
creation/last access dat^. Special features 
include hierarchical directories (useful for 
hard disks where hundreds of files need to be 
subdivided into groups), duplicate directories 
(a feature which enables the disk to be used 
even if the information in one directory is 
damaged), and hashed directories (an abbreviated 
portion of the directory is kept in RAM to 
facilitate faster disk access). 

All Users Software which enables the user to copy, 

* delete, rename,' and compare files, to redirect 
I/O and reconfigure devices, to set time and 

. date values, to display the status of various 
* system units and resources,-'^, format disks and 
generate new copies of the operating system. 
Popular operating systems are roughly comparable 
in these tasks; however, some might be more 
suitable for less knowledgeable users than 
others. 

All Users Each operating system provides a means by which 
the user executes' programs (intrinsic or 
application-oriented). Both mehu- an<^ command-^ 

• oriented systems, are foOnd on personal 
computers.' Some menu-oriented systems use a 
mouse for selection rath'e^ than the keyboard. 
Most o|>erai|ing systems have provision for 
executing a series of programs or commands when 
the systems are started Up or wheh the user 
types in a single conmand. . 
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TABliE 2-6 (continued) . GENESIAL FUNCTIONS OF SYSTEMS SOFTWARE 



FUNCTION 



RELEVANCE 



DESCRIPTION 



Software 

Tools 

(or 

Software 

Development 

Aids) 



Programners" 



Software tools are programs which simplify the 
developnent of other software. A variety of 
tools are supplied with or can be purchased for 
development of software under any given 
operating jsystem. ^ftiese include assemblers and 
compilers, debugging monitors, disassemblers, 
cross-reference generators, program editors 
(some have syntax checking capabilities) and 
formatters (sane have tjie ability to detect 
levels of neitfting, beginnings and endings of 
blocks, and other structures which are indented 
or paginated accordingly) # linkers, and file 
management utilities. Additional tools such as 
index management packages and form generators 
are generally offered from third parties. 



Programmer 
Services 



Programmers 



Programmer services are related to software 
developnnent tools but are an integral part of 
the operating system. These services typically 
include communication between concurrent 
processes, specialized support for screen- 
oriented I/O (e.g. cursor positioning, double 
intensity and reverse video, protected fields, 
etc.), graphic output, and support for menus 
(i.e. generation of menus and responding to user 
selection)! iliese more sophisticated services 
may eventually resul.t in superior user 
interfaces for both the operating system and 
application software. They may also enhance 
portability, particularly if a complement of 
standard or near standard services is 
established. 
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TA^E 2-7. CONFIGURATIONS OF 0PERATIN3 SYSTEMS 



OCNFIGURATICN 



EXAMPLES 



COMMENTS 



Single user/ 

single 

tasking 

"I 



CP/M-80 
CP/M-86 
MSDOS (1,2) 
p-Systeni 




^Single user/single tasking operating 
systems are the simplest and most common 
(as of 1983) operating systems. The cited 
examples have a large variety of 
application software, wide distribution, 
and support from a variety of sources. 
Although rtiore powerful hardware and larger 
memory sizes are making more sophisticated 
operating systems feasible on 
microcomputers, single tasking operating 
systems will still be prominent on portable 
systems (because of limitations on memory 
and power consumption) and lower cost 
units. 



Single" user/ 
multitasking 



Concurrent 
CP/M-86 

MSDOS (3.0 
and above) 



Single user/multitasking operating systems 
were first introduced in 1983 and are 
becoming more popular on 16-bit (and 
higher) systems with larger amounts of 
memory (typically greater than 256K). 
Advantages include rapid switching between 
tasks and the concurrent execution of tasks 
that use dissimilar resources. The 
techniques for multitasking are well 
understood from the mainframe world. Its 
use in microcomputers allows a user to work 
with several task^ (e.g. communications, 
printing a job, and running a spread sheet) 
simultaneously. Major software development 
organizations are making a large investment 
in programmer development aids and 
graphically-oriented user interfaces for 
this class of system, and increasingly 
elaborate products will probably arise in 
the near future. 



Multiuser 



UNIX 
(and variants) 

MP/M 

Turbodos 



Multiuser/multitaslting systems allow 
several users to access the same resources 
simul'taneoui^ly, and their primary advantage 
is to facilitate several usiers* access to 
common data. They are feasible for 16-bit 
microcomputers with large memories (512 K 
or above) and for multiprocessor systems 
(i.e. each user has a^ dedicated 
microprocessor which shares common system 
resources). Some isystems were written to be 
compatible with earlier single tasking 
systems to allow use of existing software. 
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for larger ^xDjt^ters, is now becoming popular for more powerful 16-t)it 
and 32-bit microconputerls. Well over a dozen companies have implemented 
versions of. it for 16 bit machines,^ Many microcomputer manufacturers 
offer several operating systems for their hardware, and application 
software companies have versions of their programs for more than one 
operating . system. 

Unfortunately, having the appropriate operating system is a necessary but 
not always sufficient condition for insuring that an application program 
will work with 'a given microcomputer. Use of specigd hardware features 
(e.g. bit mapping on a CRT or a dot matrix printer — ' see section 2.2) 
nay require special software* modifications which must be performed by 
experts. 

The Operating System User Interface 

Interaction with the operating system occurs prior to executing 
application programs or- after ccanpleting the task, when running 
utilities, and when changing the configuration of tlie computer (e.g. 
adding more memory or a new peripheral), Ttius, the quality of the user 
interface (see section 2.5) affects al 1 users — even those who intend to 
do nothing more than execute a particular application program. 

Because earlier operating systems such as CP/M, MSDOS, or UNIX were 
constrained by available memory and allowable processing overhead (i.e. 
the amount of time spent executing the c^rating system rather than the 
application), they provided only minimal user interface features. 
However, the advent of more powerful 16-bit prpcessors, inexpfensive 
memory, and numerous users without formal computer training encouraged a 
change in this situatipn. In 1983 several companies introduced operating 
systems with much more sophisticated interfaces IPETE83, W00D83, LEMM83, 
HAYH83}. Commands may be entered through either the keyboard or by 
) pointing to an option displayed on the screen with a device such as a 
mouse (see section 2.2.4). These operating systems. also ptovide 
assistance throu^ the use of help screens and easy transitions among 
tasks. 

» - 

Whether these newer operating systems supersede the earlier oj^ferings 
depends on acceptance hy independent application software devejiopers, 
end-users, and microcomputer manufacturers. Independent spftware 
developers will accept the systems if they can develop sophisticatied user 
interfaces through the operating systems and the training, seminai^s, and 
technical literature provided by the operating systems vendors. 
Acceptance by end users depends on the availability of application 
software, price of both the operating system and application software, 
and the quality of the operating system interface (e.g. menus, on-line 
help files, support for point devices, ease of learning, convenience). 
• Microcomputer manufacturers will adapt their hardware to software, which 
gains widespread market acceptance (as defined by the number of 
purchases). 
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2.4. ^PROGRAMMINS LAN3UA3ES 

This section describes how software is developed and Introduces the concept of 
progranroing languages. Computer programs are a sequeice of instructions which 
the central processing unit (CPU) executes. These instructions imy cause the 
CPU to fetch data from the memory, perform arithmetic operationsr accept 
input, or send data to a peripheral device. These Instructions are stored in 
the computer memory as a series of Is eind Os, a form referred to as machine 
language or x^bjfict Because machine language is difficult for people to 

work with and under st^id, lan^iuage processors have be«i developed that accept 
instructions in a more usable form and translate them into machine language. 
As computer programming evolved over the past four decades, the following 
types of languages have evolv*^: 

Assembly Lang ua ge 

Assembly l,anguage is a straightf orwf^rd transformation of the machine 
language into a series of aqronyms which help the programmer understand 
the nature of the commands. For example, a command which increnents a ' 
nuiriber by 1 is represCTited as 00000100 in machine language but as INR in 
assembly language; a conoroand tel ling the processor to move to a dif f erait 
area of memory for the next instruction ("Jurap" to a different locatiod) 
is represented as 1100011 in machine language and JMP in assembly 
language. An assembler is a program which converts assembly language 
into machine language. Assemblers have undergone a number of 
enhancements. The more sophisticated assanblers are referred to as 
'Wcroassembler s" . 

liigh QisisL Languages 

High Order Languages (abbreviated as HOLs or HLLs — High Level 
Languages) were first developed to aid scientists and engineers to 
perform calculations with a set of commands that was meaningful to them 
rather than in a language that could be processed by the CPU. Figure 2-5 
demonstrates the purpose of high order languages. Both code fragnnents 
(these are not freestanding programs) represent the "same process: 
integer division (the assennbly language routine is restricted to 8-bit 
numbers, i.e. those less than 255). Figure 2-5 shows that unlike 
assanbly language, there* is no directly corresponding machine code for a 
high order language statennent. Thus, a much more soj^isticated process 
is necessary for translation of an HOL statement iti^o a machine- 
executable form. 

s 

Two general approaches have been taken to perform this process; 
conpiling and interpreting. 

. '' ■ h 

Compiler's analyze HOL statdnents, decide (through a rather complex 
process) on the appropriate set of assembly language statements, and 
write these . statements to a file. This file is then assembled into 
machine language. Some ccwnpilers perform the translation in several 
stages (called "pasies"), and more sophisticated compilers have the 
ability to analyze the machine code generated by a first-pass compilation 
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6080 .ASSEMBLY L&^^ai&GB 



MVI E,DIVPI© 1 Store the <Jiviclaid (Refined .elsewher^e) in register E 

MVI PrPIVSR ; store the divisor in register P 

; because 8080 registers are only 8 bits wide 
; ' both b and p must be integers less than 256 

(other code here including invocation of subroutine«PIV) 4 

i# ■ • ■ 

PIVj ' ; PIV is label (i.e. address) of the division subroutine 

LXI B,9 ; load register B (a counter) with the number 9 

NXTt MdV A,E ; move the divisor (register E)\to the accumulator 

RAL ; rotate the most significant bit of A to the carry 

MCV E,A ? save, the dividend back in register E 

T>CB. B ? decr^ent the counter in register B 

BZ ; if the counter is 0 then exit the subroutine 

; ...else move the partial refeult t<> A , 

MCV A,C ? C is used to store the partial dividend result 

RAL f rotate the most signif ice&it bit of A to the carry 

SOB P ; subtract the divisor from' A 

JNC NCtfVP ; if the carry flag is not up then jump to NOW> 

ADP P ; ...else add the divisor back to A * 

N6iP: 

MOV C, A * ; move, the partial dividend from A to C 

CMC ; set/clear carry flag by conqplementing 

JMP NXT ; repeat t±is sequence of operatiais 



) 



HIGH QPDER LANGUASE 

■A 

E - E/P 

* 

> 



Figure 2-5. Assembly Language tTITU78) and High Order Language 

representations of a division of two nun4)ers. 
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and generate more efficient \(i.e. shorter) assembly language programs or 
machine code. 

Interpreters do not generate iikchine code, but perform the translation of 
the HOI, st^^ents at the tiime of execution. As is the case with 
conipiX^rs, Interpreters can work in iaeveral stages: the WL programs are 
translated into an interinediate\form, and the interpreter translates this 
intermediate form into machine <?ode at the time of execution. Oliis two- 
step process speeds execution uwhich may be unacceptably slow if HOL 
stat^ents are interpreted directly) and may also reduce memory 
requirements. 

The advantages of HOL programs Wfe that they take less time (i.e. are 
less costly) to devel<^, easier to correct and change, and can be taken 
from one microprocessor to another without the need for extensive 
revisions (such is not the case wj\tii assembly language programs), ^t is 
for these reagp^is that UOh^ are \used for most applications and some 
systems programming* TabJLe 2- 8i shows some of : the HOLs used in 
microcQipputeirs. 

The disadvantages of HOLs are thati they result in code which requires 
more memory and takes Icx^ger to execute than programs written in assembly 
language. The relative disadvantages X)f HOLs are dependent on the 
quality of the compiler or interpreter, the nature of the HOL, and the 
micrprocessor instruction %et (i-e.lthe repertoire of operations which 
the microprocessor is capable of exeqpting)^ Early microprocessors (such 
as the 8080) were not intended for high level language programming, "and 
coir^ilatiOTi of cannon high order langimges into their instruction sets is 
not efficient- The instruction seits of newer microprocessors are 
advertised as being designed specifically for the use of HOLs [MARKBl], 

Very High Level Languages 

Very High Level Languages (VHLLs) resemble natural language most closely 
' and are the least canputer-oriented. Mahy VHLLs do not «ven resemble the 
sequences of instructions seen in the two previous classes of languages. 
All require extensive preprocessing mior to execution, and most are 
oriented toward a specific end (e.g. generation of a report, storage and 
r^etrieval of information, solution of a \set of Rations, etc.). VHLLs 
provide the most rapid means of developing applibation software. It is 
possible to characteriee ta/o types of micr^conputer-based VHLLs: generic 
application programs and program g^eratori 

Generic application programs .include spreaci sheet processors, data file 
managers, and other applications (see Chapter 4) which can be used to 
perform many of the tasks that were traditional ly programmed in HOLs. 
These packages do not require extensive programming skills and can be 
used by personnel with little or no formal cjomputer training (although 
some initial support ma^ be necessary). 

Program generators are computer programs that\generate other computer 
programs in a formal HOL. They are a means of speeding software 
developnent for prograinmersr but whether they can be used effectively by 
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2-8. CXDMMDN HIGH CRDER LftNGU^GES USED IN MI 



PUTERS 



AREAS 



BASIC 



All 



Pascal 



All 



CCBOL 



Managerial 
and Admini- 
strative 



V 



BASIC (B.eginner*s All-purpose Symbolic 
Jjnstruction £ode) was originally developed as a 
language to teach computer programning to uni- 
versity students in tne 1950s, Because of its 
initial simpllcjjjty, it was the f irst HOIi 
implemented on microcomputers, and has been 
offered as a standard accessory on nearly every 
microcomputer system. It has been extended far 
beyond its first capabilities, and has become 
the most popular language for microcomputer 
programming. Unfortunately, the numlrous 
extensions have also resulted in there being 
many incanpatible cliaLtects. 

Pascal was developed in the early 1970s also in 
an academic environment. The primary goals of 
its developers were to encourage the use of 
structured programming and the generation of 
readable and maintainable programs, pascal 
became popular because of its early 
implementation on microcomputers for courses in 
canputer prograirming in the mid 1970s. Although 
it will probably not surpass BASIC as the most 
widely used microcomputer language, its 
progransnihg constructsr data types, and software 
engineering pedigree make it a language of 
choice for many software develcpera 

CCBOL (£Qnranon Business Qriented Jj^anguage was 
initially developed in the early 1960s' for 
administrative purposes, and has become the 
single most popular programming language for 
mainframe computers. Its specialized features 
for data entry and data management (with the use 
of additional utilities) have made it attractive 
for the same purposes on microcomputers. 
Although not efficient in its use of memory and 
slow in execution, its mainframe heritage, data 
handling capabilities, and accompanying 
utilities have made it a popular language for 
business oriented applications on 
microconpiters. 
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TABLE 2-8, OOMMDN HIGH ORDER LANGUAGES USED IN MICROOOMPOTEJEyS 



LAN3UA6E 



APHilCftTICN 

mm 



Sy^eteros 



Scientific/ 
Engineering 



FOWH 



Reed time 
applicationsr 
Systems 
Progrenmlng 



,C was originally developed in the Bell 
Laboratories by the writers of the UNIX 
operating systenv As a consequence of the wide 
use of UNIX in the academic coiniwiityr C became 
quite pedlar with ccmputer science students who 
took their preference for the l«>nguage (as well 
. as UNIX) to their jol?s in industry. C became 
popu-lar as a systems development language for 
microcomputers soon after the introduction of 
16-bit microprocessors, when the first 
microcomputer software conversions became 
necessary and the adequate computing power 
becanie available*' 

FORTRAN (EQBmula aSMslation) was developed in 
the mid-19 50 Sr and was the first high order 
computer language. It is the most popular 
language for scientific and engineering 
applications on larger systems, and most PORESan 
compilers generate faster and shorter machine' 
language programs than those of other languagea 
Like COBOL in tb^ administrative area,, its 
mainframe heritage and large software installed 
base makes FORrafiN a language of choice for many 
technical applications. 

forth is the first major HDL to be 
developed on. and for microprocessors. Its 
applicaticHis unique approach to program creation 
involves the building of code in terms of 
procedures which are in turn defined by lower 
level procedures. Several levels may be built 
up over the lowest layer. Hiis aH)roach results 
in the generation of very compact code which can 
be' used in devices where memory is constrained 
(e.g. micro-controllers). 
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non-prograpwuers is not clear [STEW82, KIID83]. Most raicrocomputer-based 
program generators are oriented toward administrative and ^managerial 
users and incl^ude features for creation of records and files, data entry* 
and report; g^neratioiu They are therefore similar to data file 
management systems (section 4,3) but may provide more flexibility for 
some applications because of their use of H(Xs. , 
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2*5. THE USER UTTERFACE 

The user interface is that portion of the hardware and software that is 
visible to the user, ijj though not sufficient in and of itself r a good user 
interface is a necessary condition for successful microcomputer 
implementation. Unfortunately, no definitive standards have emerged on what 
constitutes a quality user interface, and some authors [SIMP82, CHAF83] 
maintain that a good desi^ is an art which can not be stated in a set of 
rules. Nevertheless, progress in this area is evident in both the technical 
literature and, more significantly, available hardware and software products. 

2.5.1. Hardware Aspect of the User interface ^ • 

The hardware aspect of the user interface is the pAiysical interaction oi. the 
user with the equipnent. The study of this interaction is called "ergonomics" 
or "human engineering". Tiie r foil owing characteristics of the CBH, keyboard, 
and general system are usually cited as being important [PRES83, KETCH82, 
C0HE82]. . . 

Display quality is Important for minimizing discomfort for heavy users. 
Factors affecting this quality include the 'high resolution and well- 
focused characters, non-glare screens^ separate brightness and contrast 
controls, and adjustments for tjie screen height and angle. Issues such 
as color (white, green, or amber on black) and background (light on dark 
or dark on light) are a matter of individual taste. Thus, the 
availability of options is desirable. Oversize screeis (i.e. larger than 
80 columns by 24 lines) with high resolution bit mapping have been used 
by several manufacturers as a means of efihancing the user interface in 
more expensive unita 

Kgyt?Qard " - - 

A detachable keyboard allows greater flexibility in system placement and 
the ability to enter data while facing the work rather than the CRT, 
Keys that provide tactile feedback similar to a quality electric 
typewriter are desirable for constant users, A keyboard with an 
adjustable angle relative to the surface on which it rests and sculptured 
keys can reduce fatigue. 

General system 

Hie most important characteristic of the user interface is reliability. 
Other factors include a visually pleasing and unctotrusive design, low 
space requiremoits, low noise, and low hfeat generatioa 

2.5.2, Software Aspect of the User Interface 

Chafin [aiAF83] has noted that ergonomics is particularly important for heavy 
users but there is some question as to whether these issues are significant 
for users who interact with the system for shorter periods. However, the 
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software uset interface affects all users: an application program which is 
difficult and/or frustrating to use will not be utilized regardless of the 
quality of the hardware on whict? it runa As was the case in hardware, there 
are few firm guidelines on characteristics of a quality software user 
interface. The following list of features is gathered from a number of recent 
articles in this area [aiAF83, B082, SMIT82, H3TK82]. - 

« 

Feedback is important for\ informing the user of the progress of 
execution, the presence of problans, an^ the data which is being operated 
on. Features in this area should include: 

. A* prompt or message indicating wheYi^the program expects an input 
from the user 



The display of data input by the user 

Some means of indicating the progress of a lengthy operation (e.g. 
transmission of a file, disk formatting, or a sort) 

Cqni^istencY 

A .conroand or keystroke should have the same meaning in every phase of the 
program execution (or, if possible, "til alf programs). For example, if 
the letter "A" is used for an "Append" fcommand during data entry, it 
should not mean "Abort" in the execution phase of the same program. 

Minimization of Demands on the Ilserls msQi:L 

Both common experience and experimental evidence indicate that 
recognition is easier than recall tB082, CHAF83, SMIT82]. Thus, tne 
software should provide some coaching for users as they proceed through 
the various command sequences of a program.- Menus which list available 
options and help screens which display instructioniS during program 
execution are the most common means of providing this assistance. 
However,' these measures may prove cumbersome for users already familiar 
with the program. ; llie best solution i^ i±e provision of a "verbose" mode 
which enables a i)ovice'or casual user to utilize the menus and help 
screens and a "terse** mode which provides relatively little pronpting but 
allows an experienced user to enter commands rapidly. 

Additional features can minimize demands on the.user's memory for data 
entry and manipulation. Tlie ability to use parts of the same CRT display 
for noncontiguous areas of data (e.g. the display of two different pages 
of text or nonadjadent columns on a spreadsheet) can be quite useful. 

Siinplicity ^ 

simple arrangement of operations, commands, and displays minimize what> 
the operator must know in order to utilize the software. Simplicity does 
• not mean that a cpmplete set of user prompts or necessary functions 
should be deleted. However, it does require that the software developer 
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understand the application (i.e, what is necessary, when it is necessary, 
and what is unimportant) and is generally the result of good prograitf 
design. • 

EtXiiL Handling ' /. 

Error handling provisions inhibit curator errors, enable the correction 
of mistakes, ' and allow recovery from system faults, ^ong the 
cGfimands whicli can be provided are: 

Ability to interrupt operations without aborting the application and 
losing data 

An "undo" command which allows the reversal of the" last command 
(e.g. restore data ykhixAi was deleted by a previous conmand) 

Editing of the curre^ input line (e.g, the .ability to erase part of 
a ccHiimand line or yq f eplace one or two digits ia a long string of 
nuirtDers) • •. // 

Automatic creaticir/ of backup copies of date files 

Other provisions for/^rror handling includes 1 

Messagies whicm clearly indicate the error condition and suggest 
remedial actipn 

Detection and recovery from system faults (e.g. disk not ready, 
printer piiy of paper, etc.) 

Conf;^mation of potentially catestrqphic ccranands prior to execution 
(e^g, depletion or overwriting of an existing file) 

jaonrchacactet Interaoilons 

The use Of (i.e. the ability of the software to si:$)port) pointing 
devices (section 2.2), color, voice, graphics, and •Q;^er non-ch^cter 
means of ^ata interchange can be useful for both program contr^ and 
data displays. At present, such facilities are offered on m6re 
expensive microcomputers and a lack of standards prevents the 
intercha^ of such information between different systems. However, 
continued progress in this "area is likely and will increase the 
effectiveness of microcomputers in all areas of the organization. 

2.6. TYPES OF MICROCJOMPUTERS 

The expanding market for raicrocorpiters has resulted in a plethora of products 
with a variety of differing attributes. This section discusses three 
different, Viewpoints that may be useful for categorizing the different types 
of systems which are available. Serction 2.6,1 discusses categories of 
microcomputer functions; section 2.6.2 classifies mlcrocot^ters on the basis 
of size aha weight, and section 2.6.3 describes the differences between single 
and multiuser systems. 
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2.6.1. Function 

Four major categories of microcomputer functions can be established: general 
purpose, word processing,!- education or entertainment, and laboratory 
automation ojc process control. 

logQgial Bi£]2QS& -Sl^stsmg 

General purpose systems are appropriate for most Federal miicrocoii^xiter 
applications, and are t;he most commpn type availablfe for business and 
professional use. Genibral purpose systems are produced In all size 
/ classifications and in both single and multiple user configurationa The 
' most significant characteristic of these systems is their caf^tibiliiy 
with a wide variety of application software and peripherals whiSh embles 
them to perform tasks useful to all user classes. Other characteristics 
include high quality keyboards and CRTs, large capacity disk drives, am^ 
application program deyelopment aids. 



/ 



Word Processing Systems ^ ^ 

Word processing systems are microcomputers wHich have hardware and 
^ software features designed for word processing and associe^te^ functions 
(e,g.. mailing lists, form letters, etc,).' Seme systems may be adaptable 
to more general use by adding a standard operating system and/or special 
y hardware attachments. It iB not clear whether tihiese 'dedicated function 
systems will continue as distinct products [H0US82] because the smaller 
demand leads to higher prices than general purpose systems, Hpweyer, 
otjiers feel that t|ie productivity benefits derived from special hardware- 
and software features in these single ^rpose microcon^Juters outweigh the 
cost disadvantages. These systans^hdve been designed primarily for 
clerical users, but some adninistrative users with typing abilities may 
be able to benefit from the electronic mail and document production 
capabilities present in more sophisticated systems. 

Educational/Entertainment Computers 

Microcomputers oriented toward educational and entertainment use possess 
a number of interesting features such as color graphics (lew resolution), 
music, and, games software. Their low price and appealing software make 
them appropriate for som'e Government training, educati'on, and 
entertainment activities. However, few applications and languages, 
necessary for performing normal business functions are provided. Thus, 
\ despite their very attractive hardware price/performance ratio, they are 
\ not suitable for most Government use. Other designations fqr this type 
of system include "home con^wters" or "domestic computers". 

r^hnrfl^^nry Automation sd^ £i^2££&£i ^QQiJIfil 

Microcomputers can be laed for laboratory automation, automated testing, 
unattended data collection, and related functions. These microcomputers 
may use special c^rating systems and interfaces, but typically are built 
around an industry standard bus. These systems are roost appropriate for " 
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specialized applications required^y professional and technical users. 
.Although these microccmputers can ct^ adapted to more general purpose uses 
in many cases* tliey may be more expensive and therefore less cost- 
effective. . ^ , ■ 

2,6-2. Size and Weight 

Three major categories of microcomputer size and weight are .currently 
available: portable, transportable,; and desktop. 

Portable Computers ' 

Portable computers- ^Iso called briefcase, lap, or notebook computers, - 
are designed to fit into a briefcase and can be worked on in the user's 
lap while traveling or away from a table. Some very lightweight 
systems have limited memories and Idi^plays. However, their software 

. offerings include a text editor f. communications package (general ly 
ASdil/Try), a prpg jamming language (generally), and other ajjplic^tions 
which maRe thaa appropr'istte to Governro^t use. More capable systems 
(which are generally heavier* because of their larger batteries) tnay 
have^ adequate iriemory capacities (both volatile and nonvolatile) to 

' support a standard operating system and applications. 

These systems ar 6 appropriate for p^tsonnel who need access to a - 
coniputer while away frqn a desk (e,g; traveling or field 'work). Their 
limited hardwra^e ".capabilities <e8peclally in peripherals) and resultant 
limitations on 'software make them less desirable than other types of 
systems irt non-mobile applications. However > advaijces in both Volatile , 
. ' and nonvolatile memories, displays, and lower po*yer microprocessors m£y 
lead to systems with .the' same capabi'lities as present stationary 
microccmputers. - X • 

3lanspQitabl£ ccnputerfi 

Transportable computers are designed to be moved frequently. They^ 
generally weigh between^S and 15 kg (11 to 33 pounds), and are packaged 
such that they can be "folded up" into a suitcase-like package. They 
d.if fer from the previous classification of computers because their 
greater weight and size preclude their use away from a desk. 

Utie hardware cajabilities of these systems span the range from portable 
con^xiters to the desktc^ systems described below. Lighter systems with 
battery power have limited capacities. Heavier systems or those 
requiring external power have greater capabilities' and may in fact be 
' used in the same- manner as some non-movable systems. 

Transportable systems are rappropriate for those who perform computing at 
a number of different locatrbns, but who do not require the systems while 
en toute or in places where power is not available. However, despite' 
the fact, that the conipiting functions may be equivalent, triSnsportability 
precludes the use of .full sized CRT displays &nd other ^peripherals. 
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Desk top systems are the most common 'size of microcoibputers and are 
^W^opjciate t0x most Federal applications. Wiey range fr&the size of a 
typewriter (useful where surface space is limited) to that of a desk 

including self -contained work surfaces (suitable for some qL^rical uses). 



2.6.3. Number of Users 



ft 



Microcomputers can also be characterized as either single or multiple user 
systems, \\ 

A 

single ussl ^ystang V 

Single user microcomputer systems embody the notion of "p^^rsohal 
corpjters" in that one person has control over the entire systan. They 
ar^ the most common type of microcomputer, and both their hardware and 
software capabilities have increased dramatically since their 
introduction in 1977. 

Multiuser Systems 

Multiuser microccmjXiters have large memories and powerful processors, and 
are therefore sometimes referred to as "supermicrocomputers". They are 
used in many situations where smaller minicomputers would have applied 
previously. Hiey do not provide their users with the total control of 
single user systems, but are-appropriate when a group works together. 

Because of the specialized operating systems required for some multiuser 
computers, fewer software of ferings are available thah f or the single 
user ^stemsi and the application software running under th^se systems is 
also generally more expensive. A second disadvantage is the possible 
lowering of performance when many users share a single CPU. However, 
the emergence of UNIX and variants in miqg|bcomputers as well as the 
availability o£ new high performance 16 and, 32 bit microprocessors may 
change this situation. A Special class of multiuser systems is called 
inultiprQC?egSOr, .a^atfin& becauise they contain several CEmJ" One advantage 
of these systems, is faster response time, A second is the ability tp 
assign each user a CPU and to use a cannon operating system. 
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This chapter classifies Federal microcomputer users, describes their 
characteristics, and identifies some of the issues related to their dSe of 
microcomputers^ The user classification contains the following four 
categories: ° 

Clerical ' . 

Clerical users include typists, junidt secretaries, and data 
entry personnel. Most clerical uses of microcanputers involve 
data input (either numbers or text) formattingr or 
transcribing. Document preparation and administrative data 
entry are the most common applications of microcomputers. 

Administrative 

f • 

Administrative users of microcomputers include managers and 
other Federal workers whose primary responsibility is related 
to administrative" tasks. Administrative uses of 
microccmputers include accounting, budgeting and planning. 

Professional 

Professional users include natural and social scientists, 
educators, legal workers, a^id Others working in professional 
fields. " Their uses of microcomputers include data analysis 
(primarily statistics) , modeling, and dbcument preparation. 

Technical , 

Technical users include programmers, engineers, and 
researchers who perform their own canputer-based system design 
and progcairfining. The primary distinction between technical 
and pr of e^i^Onal users is the extent to which they pei;form 
their own programming. 



Table 3-1 lists examples of job functions falling into these categories, and 
table 3-i describes their distinguishing characteristics. Some users fall 
into several categories Simultaneously. For example a legal, secretary in the 
as. Courts perfonns achdnistrative functions in addition to straight clerical 
duties. Sections 3.1 through 3.4 discuss these classifications in further 
detail. 
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3-1. JCB FUNCTKWS OP THE USER CLASSIFICATIONS 
USER CLAS$I!^ICKPICN , EXAMPtE JCB ftJNCTICNS 



CLERICAL 



ADMINISTOATIYE 



PROFESSIONAL 

(not in the computet 
field) 



J TEICHNICAL 

(in canputing or related 
technical fields) 



Secretaries 
(Herk typists 
Cashiers 

Data Entry Clerks 
Managers 

Administrative assistants 
Budget analysts 
Contract adninist raters 
Accounting and ^auditing staff 
Project managers ^ 

Ecqnomists 

Lawyers 

Doctors 

Law enforcement personnel 
Tax auditors 
Cartogr^Aters . 
Librarians 
Historians 
Educators . 
Scientists (some classes) 
Writers and Editors 

Computer Scientists and progrannmers 
Engineers 

Advanced technicians iand technologists 
Scientists with ccnputer backgrounds 
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TABLE 3-2. CHARACTERISTICS OF USER CLASSES 
CHABACTEJIISTIC aERICBL AEMINISOTPIVE mFESSIOJAL TECHNICAL 



Scope of conputer 
related tasks • 



Special Broad 
lized 



Broad 



Broad 



Necessity of 
computer-based eys- 
tems for job , 



High 



Lew 



Computer Background Liinited ' Limited 



LOW 



Variable 



Variable 



Substantial 



Relative emount of 
system usage 



High 



Low 



Low 



High 



Tolerance for 
malfunctions, problems 



Lew 



Low 



Low 



Variable 



'Availability^ of ^ High 
personnel for 
ext^sive training 



Need for subsequent High 
support 



Low 



High 



Lew 

Variable 



Low 



Low 



Need for technical 
information 



Low 



Low 



Low 



High 



58 



CHAPTER 3 - Federal Users 



3.1. CLERICAL USERS 

Table 3'-3 relates the inportant characteristics of clerical users (taken from 
table 3-2) to desirable attributes of their microcomputer systems. System 
reliability, a wel 1 designed user interface (see section 2.5), high 
performance, and effective documentation written for users with limited 
tedinical backgrounds are requirements which clerical users have in coromon 
with other users. In addition, the following specific issues exist for this 
user classt 

Limltfid M Con p^ter £glatfid ^CasKs 

Unlike other users, many clerical workers perform tasks of limited 
scope (e^g. data entry, document preparation). For these workers 
specialized systems which provide large screens, function keys (i.e. 
keys which execute a series of coranands or canncai keystrokes with a 
single key), specialized pointing devices, and other features that 
reduce fatigue and make systems easy to use are more suitable than 
general purpose systems. 

Extended Uss. 

Concerns on both the physiological In^iacts of CRTs and psychological 
effects of extended conputer usage have been raised in the united 
States, Canada, and Europe .[BOND83]. However, no definitive 
conclusiai could be reached from research on the effects of CRTs on 
vision, pregnancies, cancer incidence rates, and musculo-skeletal 
well being. Ketchel tKETC82] lists some widely accepted ergonomic 
guidelines for CRTs, but also states that the research base on 
which to establish standards is not adeqUat^ 

Other Measures to benefit clerical users (and improve performance) 
are related to lighting, noise, and furniture. Ambient lighting 
should be dim with higher intensity lighting on the work which 
operators are transcribing. Printers and other noisy devices (e.g. 
disk drives), should be hooded or placed in other rooms. Chairs and 
desks should be designed for both operator comfort and efficiency. 
Provisions in the layout of individual work stations as well as the 
entire work area should allow for the special requirements of C3RTs, 
keyboards, printers, and other devices. 

A recent National Institute of Occupational Safety and Health 
. (NIOSH) stuOy of clerical CRT operators investigated psychological 
and^ocjgl effects [COHE82]. As a result, of the introduction of 
largte Oolrputers, off ice work began to resemble an assembly line with 
production qu9tas and rigid work assignments. This change resulted 
in iniireased stress levels for clerical workers. Microcomputers can 
potentift«l,ly cause the same types of problems. However, because 
microcofnpq^irs allow the qperator more control over the system, it 
is possible to avoid the assembly-line nature of work. Tasks can be 
structured in a less restrictive manner to minimize the negative 
impact on clerical users, 

59 

45 




ERIC 



CHAPTER 3 - Federal Users 



TABLE 3-3. CLERICAL USER CHARACTERISTICS AND DESIRABLE SYSTEM ATTRIBUTES 



USER CHARACTERISTICS 



DESIRABLE SYSTEM iVTmiBOTES 

Systems with extra features for 
performing a limited set of tasks may 
be preferable to general purpose 
microcxDnpiters. 

. ' ■ * ■ 

Hicfh system availability is required. 
It is desirable that the microcomputer 
offer some gratification in the course 
of usfe. 

Trainingr documentationr and the user 
interface (section 2.5) must be 
appropriate for this level of cqmputer 
expertise. 

Reliable equipment with high level of 
mainteiance is necessary. 

Keyboards, CRTs, work surfaces, chairs, 
lighting, noise levels, and other 
environmental factors should be con- 
trolled. 

Extensive training should be provided 
as part of computer installation and 
for new users; software user interface 
should allow for several levels of 
expertise (see section 2.5). 

System design, prcx^rement, raanagemoit, 
and operation should anticipate the 
need for . extensive user support. 
Support requirements may consume more 
departmental resources than system 
acquisition. 



Specialize., in limited range of 
oonpiter related tasks 



Necessary to use microcqr^ter for 
job 



Limited conputer background 



Low tolerance for malfunctions 
and problems 

Large portion of day spent using 
microcon^Juter based system 



Need for formaPand extoided 
training period (days to wedcs) 



Need for subsequent si?:port is high 
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Training 

Effective training is necessary to pjwvide clerical users with both 
the ejcpertise and confidence nece^ly to inaster their systems. For 
example^ Ket<;iiel CK13?C9aJ points out that approximately six weeks 
are required to gain proficiency in word processing, but most 
vendors provide less than three days of instruction. During the 
remaining five weeks, the organization should provide additional 
training (perhaps through seminars and close work with more 
experiented users) as well as a lighter workload. 



3.2. ADMINISTRATIVE USEI^ 



Table 3-4 shokB the important characteristics of administrative users (taken 
from table 3-2) and the resultant requirements on microcomputer -systems. 
System 'reliability, a convenient user interface, high performance, and 
effective documentation written for users with a limited technical ^ckgrounds 
are requirements which administr^rtiive users have in common with other 
classes. Special issues for this class of users include the following: ' 

9 

SuEEort 

As a result of the unpredictable nature of some aspects of 
administrative and managerial work and the need for rapid response, 
administrative users require a high level of support for their 
microconputer related tasks (FERR82, SMEJ83, STJ082J. Such support 
can only be, provided if the software, hardware, and communicaUons 
'^^ (see section 5.3) are coordinated through a central support 
organizatiosi. . ' 

Va li d i ty and £Qntml at Administrative said Financial Software and Data 

Applications relating to accounting, personnel, and other 
administrative tasks which are performed on microcomputers are 
subject to a number of laws (e.g. The Paperwork Reduction Act, the 
Privacy Act, or the Freedom of Information Act), rules (e.g. 0MB 
Circular A7D, and guidelines (ag.. tGA078]). Users with cavalier 
attitudes toward checking their results can cause incorrect data to 
propagate through the organization. 

Additional concerns are related to data validity, protection, tod 
^ ' access. The transfer of data files from a mainframe computer to a 
microcomputer means that in addition to ensuring data security (i.e. 
validity, protection, and access control) at the central site, the 
activities of users at dispersed locations must also be monitored. ' 
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TABLE 3-4. \RIKQJISroATIVE USER CHARACTERISTICS 
AND DESIRABLE SYSTEM ATTRIBUTES 



USER CHARACTERISTIC 



DESIRABLE SYSTEM ATIRIBUTES 



BKoad Scope of Computer-related 
tasks 



Microcanputer can be helpful but is 
not required for perfoming job 



Limited technical background 



smaller portion of day spent 
ua^ng computer 



Low toleratioh for system malf unc^ 
ticxis 



Short time available for training 



Extensive need for subsequent support 



Hardware, system software should be 
oon^tlble with pedlar application 
software. Flexibility is more 
important than extended features in 
one given area. Integration of 
application software is desirable (see 
section 4.7). 

TSie system should be easy to learn and 
provide a rapid response so that the 
productivity benefit is immediately 
apparent. 

Software should be designed with an 
appropriately oriented user interface 
(see section 2.5). Documentation must 
be easy to understand. On-line help 
or tutorials desirable. 

The physical inqpact of the system 
should be minimized. Documentation 
should be easy to read and designed 
for quick reference (e.g. summary 
sheets, indices, reference cards) 

Hardware and software reliability, 
availabiliiy of spares, and Short time 
to repair are crucial. Overall 
availability is more important than 
capacity, performance and technical 
soiAiisticati,cMi . 

Software must be ea§y to learn — 
preferably without requiring more than 
a short period of reading prior to 
getting started. Help screens, menus, 
and uater interface features (section 
2.5) should be oriented to minimizing 
what the user roust know in order to 
work with the program. 

Readily available source is required 
for answering questions, solving 
problems on system opelatian, software 
cormands, initiating repairs, and 
other user needs. Rapid response time 
necessary because of short turnaround 
time for many adninistrative tasks. 
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3.3. PROFESSIONAL USERS 

Table 3-^5 relates significant ^characteristics of professional users (taken 
from table 3-2) to desirable microcomputer system characteristics. System 
reliability, a convenient user interface, high performance, and documentation 
for users with limited technical backgrounds are requirements which 
professional users have in carroon with other classes. The following issues 
affect professional microccmputer users: 



Although the microcomputer industry has addressed the needs of 
clerical and adtdnibtrative users with a large number of products 
and services, this has not been the case for many professional 
applications because of the much smaller market. Most professional 
workers are not skilled proc^ammers nor is it cost effective to use 
their time for software development. Thus, professional users/must 
resort to adapting existing packages to their needs <e.g. using a 
data base management system for statistical calculations), using 
software available on larger systems, or performing the calculation 
by hand. The extent to which new software development or conversion 
of existing software residait on mainframes to microcomputers should 
occur is not clear given their current hardware and software 
limitations. Unrealistic central computing charges can encourage 
microcomputer software development or conversion of mainframe 
software to microcomputers where it is not warranted. 



Olie most effective support petscHinel in highly prof essicMial settings 
are those who have a background in both the profession (e.g. 
medicine- geology) and in computing. Such personnel are rare, and 
their ability to support dispersed users (as opposed to more 
geograjAiically conc«)trated users working on a single mainframe or 
minicot^ter) is limited. 
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TABLE 3-5. PPOFESSIONAL USER CHARACTERISTICS AND DESIRABLE SYSTEM AmiBUTE^ 
USER CEIARACTERISTIC . DESIRABLE SYSTEM ATTRIBUTE 



Broad Scope of Conputer-related System flexibility is more important 

tasks ♦ than extended features in one given 

. , area. Hme hardware and system 
^ software should be cxxnpatible with 

standard applications (see chapter 4) 
and profession-specific software 
packages. System flexibility is more 
important than ext^ded features in 
one given area. 

Microcanputer can be helpful but is Hardware, software must be easy to 
not required for performing job learn and use. Olie performance of 

the microcomputer should demonstrate 
an immediate productivity benefit. 



'/ 

analler portibn of day spent 
using computer 



Varying expertise in canputing 



Low to high toleration for system 
malfunctions 



Impact of s:^stem on work area should 
.be minimiz^: small size, no 
extra powef • requirements, low noise, 
minimal Jextra , cabling, etc. 
Documentation should be ea£y to read 
and designed for quick reference (e.g. 
summary sheets, in(^ices, reference 
cards) . 

Software should be designed with an 
appropriately oriented user interface 
(see section 2.5). Documentation must 

easy to understand. (Dn-line help 

or ■ tutorials are desirable. More 
technically sophisticated users may 
n^d systems and software with more 
filatures and higher performance. 

Use of microcomputers as adjunct to 
daily tasks requires high availability 
which impacts maintenance and support 
considerations. Some users may not be 
as affected by malfunctions and can 
tolerate longer down times and may 
have more flexibility in their choices 
of systems and capabilities. 
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TABLE 3-5 > (continued) • PROFESSIONAL USER CHARACTHlISTICS 
AND DESIRABLE SYSTEM AITERIBOTES 



USER CHARACTERISTIC 



Short tiine availabXe f or training 



DESIRABLE SYSTEM ATTRIBUTE 



Software must be easy to learn -i- 
preferably without requiring more than 
a short period of reading prior to 
getting started. Help screens, menus, 
and user interface features (section 
2,5) should be oriented to minimizing 
what the user must know in order to 
work with the program. 



Need for subsequent support 



Most users need a local source for 
answering questions an(^ solving 
problems on system operations. Some 
may require profession-specific advice 
in conjunction with their conputer- 
relafed inquiries. 



\ 
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3.4, TECHNICAL USERS 



Th^ inrport^t characteristics of technical users (taken from table 3-2) and 
the resultant desirable ey^tem qualities are shown in table 3-6. Technical 
users have some requiijements in common with other users (e.g. reliability, 
documentation, and technical sujppott). However, because of their knowledge of 
systems and their ability to. program, technical users may find that ^sterns 
designed for less sophisticated users are too limited in flexibility, 
performance, or capabilities. Some of the issues for technical users 
include: 

System requirements at variance with other USSLS. 

^ For Specialized .and advanced microcomputer applications (e.g. 
laboratory automation, data collection, or process control), 
technical users may require^systems that are not the same as those 
used by the rest of the organization. Thus, agency policies on 
microcomputer procurement and usage should not inhibit the- use of 
"non- standard" systems when needed. Conversely, technical users 
should recognize the importance of support, ergonomic, and related 
needs of non-technical users they may be asked to assist. 

Alternatives XsL microcomputers 

A large body of software, expertise, and peripherals has grown 
around dedicated minicomputers in process control, laboratory 
automation, and other specialized tasks. Although the 
price/performance ratios of microconputer hardware are superior to 
those of some larger systems, both technical users and project 
managers should note the relative immaturity of microconputer s and 
the consequent paucity of suj^rt in any but the most "mainstream" 
of applications. 

Tntearation idth larger: systems 

Technical users who need to integrate mainframe software with a 
microcomputer applications (e.g. a package which queries a database 
on a central mainframe and presents the data to the user through a 
spread sheet program) face difficulties because there are no widely 
accepted standards for passing graphical or spread sheety data (see 
Chapter 4). ' 
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TABLE 3-6. TECHNICAL USER CHARACTERISTICS AND DESIRABLE SYSTEM AOTOIBUTES 



USER CHARACTERIiSTIC 



DESIRABLE SYSTEM ATTRIBUTE 



^road Scope ot Computer 
related tasks 



Vtirying necessity, 
for liiicrocanputer 
job functions " 



Technical backgrounds 



Some porticMi of 
day spent using 
system 



Varicdble toleration 
for system malfunc- 
tions 



Short: time available 
for training 



Need for technically 

sophisticated 

support 



System, compatibility with advanced and soE*)isticate<31 
application, utility, and Systems software^ is 
important. 

Microcomputers^ in daily use must- have high 
availability — possibly at some performance penalty. 
Systems used for research and development should have 
more advanced features and higher performance. 

Technically so^iisticated documentation at a 
su^icient level to facilitate modification (for both 
hardware and software) is highly desirable. Elaborate 
user interfaces^ introductory^level documentation 
are less inqportant. Systems with provisions for 
software development and hardware interfacing may be 
desirable. 

For casual users, minimization of the system inpact 
on the user's system working area of microcon^ter is 
desirable (small size, no extra power, lew noise, 
minimal extra cabling, etc.). To steady users, 
performance, reliability, ease of use hie more 
significant. For both constant and casual users 
software conmands should be uniform, self-evident. 

System performance, capabilities, price may be more 
important than overall reliability to users who can 
tolerate extended down times or are capable of 
performing their own hardware repairs. 

Software must be easy to learn — prefe^rably 
requiring only a short period of reaching. 
Docuinentation should still contain reference features 
and examples, but technical users do not require 
extensive tutorial material. 

Technical users are generally capable of 
understanding manuals and the overall operation of 
systems. However, if they need to modify the 
software or to install it on a new system, they may 
require support on a highly technical level — well 
above that typically provided by most vendors or 
retailers. 
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V 



CHAPTER 



MICROCOMPUTER APPLICATIONS 



As noted previously, pdcroconi^ters are general purpose devices which can be 
used for a varijety of tasks. Application software is the single most 
nportant ccwponent for transforming a general purpose microcomputer into a 
^ :em foi perfoming such tasKsI Table 4-^1 shows the most coninon types of 
micrbcqmputer application jsof tware and indicates where they are discussed In 
this chapter. Section 4j6 discussed application software for more specialized 
purposes. Section 4.7 explains how these applications can be put together, 
i.e. intggr^ted to increase' the capabilities of microcoir^ters beyond those 
provided by the applications running indj.vidually. 



TABLE 4-1. TYPES OF^APSLICATION SOFTWARE 



APPLICATICN SECPICN 
SOFTWARE TYPE WHERE DESCRIBED 



PURPOSE 



WORD ITOCESSING 4,1 

DATA MANM3EMENT 4.2 

SPREAD SHEET 4.3 
PROCESSORS . 

GRAPHICS 4.4 



COMMUNICATION 4.5' 

SPECIALIZED 4.6 
SOFTWARE 



Creating, editing, and printing documents 

Organizing, storing, and retrieving data 

Performing calculations and- formatting for 
tabular reports (e.g. budget forecasts) 

Presentation x)f data graphs and preparation of 
diagrams and illustrations 

Data transfer to and from other systems 

Specialized domputation tasks associated with 
various job functions (e.g. accounting, stati- 
stics) 



5^. 
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4.1. WORD PROCESSI^G 

Word processing software is used for creating, editing, and priliting documents 
such as memoranda, letters, formal reports, address lists, indices, and 
contiracts. It is particularly useful for repetitive ^iocuments (such as form 
letters) or those assentoled'from pre-^ritten, standard sectiona . ' 

The origins of word processing are the text editing programs .used by 
data processing perso?ii>el starting in the late 1950s. The actual term was 
coined with the introduction of the^fifst magnetic card typewriter in 1964. 
Although slow and limited by present standards, the magnetic card typ^riter 
spurred the development of many similar products over the next five years, and 
the notion of a "word processing" department began to replace that of the 
"typing pool", in the early 1970s, word processing systems based' on small 
minicanputers. with video screens were introduced. T!tie first word processing 
System suitable for business and professional use on a genetral purpose 
microccmputer was introduced in 1976. 

According to a 1981 user survey [ARB081], word processing is the single mopt 
commonly used, application on microcomputers. All Government workers who 
produce documents of any length are potential users of word processing 
software. Table 4-2 summarizes the ^pplication^of word processing software 
for the four types of Federal users defined irxXJnapter 3. 

Clerical workers spend more than half their working day with documents 
ITBGE;83]. An extended set of editing commands Mips to reduce the number of 
keystroked and thereby increases productivity. Full format Controls are 
necessary for the production of high quality documents and include features 
such as flexible pagination, footnotes, proportional spacing, superscripts, 
apd special syirbols (eig. Greek aljAiabet or mathematical symbols). • 

Because of the decreasing level of secretarial support provided to many 
professional and managerial workers in larger' organizations [TE)GE83] , these 
workers will benefit from software that is easy to learn and use. Unless- they 
are producing long or elaborate documents, a "light,duty" package which has 
limited features but is easy to use is more appropriate than a full-functioned 
package intended for clerical workers. . : • 

Technical users can also benefit from" the "li^Sjt duty" word processing 
software for much the, same reason as professional aw acbninistrative workers. 
For those who spend an extended amount of time in softwarfe development, a 

fackage which can generate machine readable source -code files as well as 
ormatted text files eliminates the need tp learn two different sets of 
.editing .coninand& Low mi6mory usage can i^e advantageou's to workers using word 
processors in a multitasking environment (e.g. editing software in one task 
and coipilllllj or J running it in -another) . ^ 
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TftBLE 4-2. USES OP WORP ^^OCESSBG 
USER CtASS V APHiICKTICNS 



CLERICMi 



ADMINISTnRA- 
TJVE ^ 



Substitute for standard typewriter 

Pro<^ction of form letters, address lists, and mailing labels 

■<"..■ ■ , 

Document assembly (i.e. creating a document f rom pre-written 
»p^ragraphs or sections stored on disk together with some 
portions of specially wr,itten material.. Examples are 
contracts, RFPs, policy documents, or regulations) 

Production X)f lengthy documents, formal reporter or camera- 
ready copy for publications!' 



Short* letters and internal memoranda 



r 



Preparation of progress reports: may include graphs and 
tables prdOuced with -Other application software 

Other light typing to support managerial functions 

Preparation of messages for "electronic mail" 

Coiii»^ing of rough draft material for longer reports and papers 
(preparation of subsequent final document by clerical users is 
easier if the initial draft is created by administrative 
personnel on a compatible word processor). 



PROFESSIONAL Short letters, internal memoranda, progress reports (similar to 
adntiinistrative users) ^ 

Preparation of professional documents; either in rough form or 
final copy (depending on typing ability of user and 
availability of secretarial support). May involve inclusion of 
graphics and tables.. 

TECHNICAL Short "letters, internal memoranda, progress reports, 
professional papers and reports (similar to professional 
users). 

Preparation of softwarer software documentation using word 
prqcessor for traditional text editing functions 
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Auxiliary packages to aid in the creation formatting, and production of 
documents includet * tc ^ 

•'1 . " ",' 

Spelling Checkers 

Spelling checkers are the most common auxiliary programs. They 
operate in two phases: (1) the program scans a document and flags 
words not found in the systan dictionary and (2) the use? either 
adds each flagged word to the dictionary or corrects itrln the 
document* Because these programs do not detect misuse of words, 
proofreading is still required, ^ 

JEprroatting Progrlttns 

Formatting programs are a useful supplement for those users who 
' /produce large, formal documents (I^equesti^ For Proposals, degal 
briefs, contracts, reports, and papers) or those requiring a good 
,^ deal of ccMltrol over the phyi^ical appearance of th6 fin^l copy (e.g. 
those producing c^era- ready copy). These programs read document 
files that hay.e been prepared with a word processor and produce a 
printed output. Ihey are controlled by, camiands which are embedded 
in the text'file when it is cresfed. In addition, some provide a 
specialized prograipn^pning langu^e in which a series of formatting 
commands is invoked whenever ascertain event occurs (e.g. at the 
start of fevery even numbered page or at the end of each page). 

Bibliography ^aintqiance * 

Bibliogra0iy ^maintenance prc)graros manage the bibliographic entries 
associated with a report. yReferences are flagged in the text and 
the appropriate citation^ may either be inserted as footnotes or 
collected into a formatted bibliography at the end of the document* 

Grainnar jnd ^tyl£ Checkers 

Grammar and style checkers perform a limited syntactical analysis 
and scan for "suspici'ous" (i.e.' sexist,' stereotypes, or trite) 
0iraises" and terms by meittis of a dictionary- Hjese programs may also 
search for passive constructions, lengthy or terse sentences, or 
excessive use of ; the same structures. Some programs produce 
statistical summaries of averag'e sentence length, the degree of . 
variation in laigth, or the number of passive sentences. 

Mailing List Programs ' ^ 

-■ . ^ ' ' ' ' ■ ' ■ ■ . , 

Mailing list, programs are used to itaintain name and address files, 
but some also have the capability to individualize documents through 
insertion of a limited number of words and phrases at key points of 
thfe document. 
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4.2, DATA MANAGEMENT SOPIWARE 

Data management software (also referred to as "data management systems") is 
used for entering jmd retrieving data in formats and orders specified by the 
user (e.g. alphabetically or chronologically). Information can be retrieved 
by nanes, accounts, dates, and a variety of other identifying criteria called 
"keys". ^ ^ 

Olie basic terms associate with data management software are records, fields, 
and files. Records t-an be thought of as the computer representation of a 
paper form (e.g. application blank, receipt, maintaiance request, etc). Olie 
record is made up of fields which can be regarded as analogous to the blanks 
on the form. A group of records are stored in a file. 

Figures 4-1 and 4-2 illustrate the use of a data management system. Figure 
4-la shows a form for recording . data on microcomputer procurements 
announcements frop the iXmnBTCfi JBuainfiaa laUy. Tlie inforroaUon was entered^ 
into reoor(te through the data manager and stored in the form shown in figure 
4-lb« Figure 4-2 shows a report generated by the data management software 
from the completed file. The particular package had extensive formatting 
control which allowed the generation of a 132 columji report and a choice of 
Vhich fields were presented (the reader should hote that not all fields on 
figure 4-lb are shown on figure 4.2). 

Table 4-3 defines three broad classifications of microcomputer data management 
systems. At present, microcomputer based data management systems are not 
comparable to data base management systems on 3<;arger computers because of 
their limited capacities and their inability to allow more than^ne user 
access to a single file. More sophisticated data management applic^ons may 
be possible through the use of "data base machines" [INTE82, EAGL82] which 
could be conrt#cted to several microcomputers. 

Table 4-4 shows some of ,the applications of data management software. 
Clerical users qan enter data and produce routine reports. However, fewer 
clerical personnel can be expected to gain the same expertise with data 
management software as with word processing software. If a long o^ complex 
sequence of Ccmmands is necessary, the data management software should have a 
means of storing and executing these sequences without operator intervention 
(i.e. a data jnanipulation language). 

Administrative applications of data management software include accounting, 
personnel, inventories, and other tasks which require the retrieval or 
consolidation of information from paper forms. If relatively simple 
manipulations are required a Card file manager is suitable. More elaborate 
tasks can be performed with data file managers or a full data base management 
system. 



72 



58 



COMCRCt BUSINESS DAILY ANNOUNCEMENT OF MICROCOMPUTER PROCUREMENTS 

DATEi RECORDER; 

REFERENCE NO. 

FEDERAL SUPPLY CODE HEADING 
SYSTEM TYPE 

AGENCY . . 

PRIMARY APPLICATION (IF KNOWN) 

SECONDARY APPLICATION (IF ANY) ' 

TERTJARY APPLICATION, (IF ANY) 

SPECIFIED AS BEiriQ PfRT OF LARlStR SY$TEM? 

TYPE OF COMMUNICATION CAPABILITY 

TYPE- OF GRAPHICS tAPABILjTY 

DBMS SPECIFIED? 

BRIEF SYSTEM DESCRlPTlOt^ OR OTHER COM>€fgS 



\ 



(>) FQrm iiafii iflL recording ilflta 



joOO?6jj7o| ; jlSH I WILDIFE SERVICE [4.2 |^5.2 | 0.0 | 3 [^[^ [o |l6 BIT KICRO W/,64H RAI* 



(b) Representation sil ilfil^ fields a recor^T. 



Figure 4-1. Representation of Data In. a File Management System 
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1145/82 



CONTENTS OF CBD DATA* BASE 



REF NO 



HOB SfS 
TtP 



AGENCY 



- APPl APP2 APP3 



PT LB 

StS? 



CON NO. 

PftOC 



6RF)( DBMS 



8142.01 


70 


i 


N.l.H. 


3.0 


0.0 


0.0 .F^ 


0 


i 


0 


0 


8147.02 


70 


1 


N.Q.fl.A. 


Xo 


0.0 


0.0 


0 


1 


0 


■0 


8148.04 


7P 




N.O.A.A. ^ 


3.0 


0.0 


0.0 .F. 


0 


1 


0 


0 


8l55.0i 


70 


1 


N.O.4.A. 


5.3 


0.0 


0.0 .F. 


0 


1 


0 


0 


8152.03 


70 


1 


NA5A 


3.0 


0,0 


0.0 .F. 


0 


9 


1 


1 


8138.30 


70 V 


T 

A. 


NASA-ArtES RESEARCH CTR 


3.3 


0.0 


0.0 .F. 


0 


1 


0 


0 


8152.07 


74 


1 


NASA JOHNSON SPACE CENTER 


Sll 


0.0 


O.O'^.F. 


0 


1 


0 


0 


8143.04 


74 


•1 


NATICK m LABS ^ 


"4,3 


0.0 


0.0 .F. 


0 


0 


0 


0 


8}56.0r 


70 




NATIONAL ?m SERVICE / 


4.6 


0.0 


0.0 ,F. 


0 


3 


1 

' i. 


1 


8143,01 


70 


r 


NATL HEATHER SERVICE ^^-^ 


5.2 


4.3 


0.0 ,F. 


3 


6 


/'3 


1 


"8138.34 


70 


1 


NAV AIR DEV CTR 


5.1 


0.0 


0.0 .F. 


0 


1 


0 


0 


8151.09 


74 


V 


NAVAL ADMIN COMHhND, IL* 


4.1 


0.0, 


0.0 -.F. 


0 


24 


0 


0 


8138,39 


70 


6 


NAVAL SUPPLt CENTER 


4.3 


0.0 


0.0 .F. 


0 


0 


0 


0 


8138.39 


?0 


6 


NAVAL SuPPLt CENTER 


4.3 


0.0 


0.0 .T. 


I 


1 


0 


0 


8138.40 


70 


1 


NAVAL SUPPLY CENTER 


4.3 


0.0 . 


0,0 .T. 


1 


4 


.0 


0 


8138.41 


70 


1 


NAVAL SUPPLY CENTER 


5.7 


0.0 


0.0 .F. 


1 


1 


J 


0 


8147.04 


70 


A. 


NAVAL SUPPL/ CENTER - 


5.1 


0.0 


0.0 .F. 


0 


1 


5 


1 


3152.02 


70 


1 


NAVAL SUPPLY CENTER 


5.1 


0.0 


0.0 J. 


0 


15 


0 


0 


8153.05 


70 


1 


NAVAL SUPPLY CENTER 


5.1 


0.0 


0.0 .T. 


1 


12 


0 


0 


3155.04 


74 


1 


NAVAL SUPPLY CENTER PU6ET SO 


4.3 


0.0 


0.0 .T. 


1 


7 


0 


0 


8145.05 


70 


I 


NAVAL SUPPLY CTR 


3.0 


0,0 


0.0 .f-. ' 


0 


9 


0 


0 


8I3i.08 


70 


1 


NETHERLANDS AIR POLLUTION NET 


5.3 


0.0 


0,0 .T, 


2 


9? ^ 


0 


0 


8157.01 


70 


6 


NIOSH ALOSH. N. </A, 


4.1 


0.0 


0.0 ,T, 


1 


7 


0 


0 


8158.07 


70 


1 
1 


OFFICE OF .NAVAL RESEARCH 


'5.3 


0.0 


0,0 ,T, 


0 


• T 
i. 


0- 


0 


3141.01 


70 


1 


OFFUTT AFB 


3.0 


0.0 


0.0 .T, 


T 

J. ' 


1 


0 


0 


9151.'ii 


70 




OJEBEC SUPPLY t SERVICE OFC 


4.1 


0.0 


0,0 .F. 


0 


13 


0 


0 


8147,05 


70 


I 


RANDOLPH AFB 


3,0 


0.0 


0.0 .F. 


0 


3 


0 


0 


8152.0& 


70 


1 


RANDOLPH AFB 


5,1 


0.0 


0.0 .F. 


0 


36 


•) 


0 


6155.01 


70 


1 


REED ARMY HEDICAL CENTER 


4.3 


0.0 


0.0 .T. 


1 


4' 


0 


•0 


8153.06 


70 


• 
ft 


RICHMOND VA MEDICAL CENTER 


3.0 


0.0 


0.0 .F. 


0 


1 


0 


0 


8145.01 


70 


1 
I 


BOBBINS AFB 


5.1 


0.0_ 


0.0 .F. 


3 


1 


0 


. t 


8l53.>'*8 


70 


( 
t 


ROCKHELL HANFORD OPERATIONS 


5.1 


o.o' 


0.0 ,F. 


0 


I 


0 


1 


3157.02 


70 


1 


S.E,C, 


4,1 


0.0 


0.0 .F, 


0 


1. 


0 


or 


8151.08 


74 


1 


SOC SEC AOMIN CONTRACTSItGRANTS 


4.3 


0.0 


0.0 .F, 


2 


4 " 


0 


0 


'814K07 


70 


1 


SOCIAL SECURITY ADMINISTRATION 


5.7 


6.2 


0,0 ,T, 


3 


1 


3 


1 


8158.01 


70 


1 


SOCIAL SECURITt adiiinistration 


3.0 


0.0 


0.0 ,F, 


0 


1 


0" 


0 


5i47.0v 


:i 


1 


TINKER AFB 


4.3 


4.7 




0 


1 


5 


0 


6147,10 


74 


1 


TIWER AFB 


4.3 


0.0 


0,0 ,F,'' 


0 


1 




0 


8147.11 


74 


1 
4. 


TINKER AFB ' 


4.3 


4.7 


0,0 .F, 


0 


1 




0 


8147.12 


74 


-\ 

L. - 


TINrER AFB 


a.3 


0.0 


0,0 ,F. 


0 


, 1 




0 


815tf.05 


70 




' TIN|:tR AFB 


4.3 


0.0 


0,0 ,F. 


0 


6 




0 


8157.05 


74 




TINKER AFB 


4.3^ 


0.0 , 


0.0 ,F. 


0 


1 


0 ' 


0 


8157.06 


74 




TINKER, AFB 


4,3 


0.0- 


0.0 ,F, 


0 


1 




0 


9157.07 


74. 




TINKER AFB 


4.3 


0,0 


!),0 ,F, 


0 


T 

X 




0 


8139.04 


70 




TOOELE ARflY DEPOT' ^ 


•4.3 


4.7 


4,1 .F, 


0 


1 




0 


8152.0'i 


70 




.TOOELE ARHr DEPOT 


3.0 


0.0 


0,0 /F, 


0 


1 




0 
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Figure 4-2. Report Created by Data Management System from the File 
' ^ Shown in Figure 4-1 . j > 
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TABLE 4-3 CLASSES OF MICR 



PUTER-BASED EATA MANAGEMENT SOFTWARE 



CLASS 



APPLICATICN 



DESCRIPTION 



Card file 
inanagerB 



Data file 
Manager 



Data Base 
Management 
Systems 



Staall, informal 
and temporary 
data files main- 
tained by inexpe- 
rienced users 



More formal appli- 
cations such as 
periodic reports 
on personnel and 
inventory. Useful 
where more capabi- 
lities than Card 
file managers are 
needed but where 
full Data Base 
Managemait System 
is not required. 

Full accounting 
systems r statisti- 
cal packages, and 
other applications 
involving the use 
of multiple files 
and a complex 
sequence of com- 
mands. 



Card file managers are the least 
sojAiisticated data management software and 
are generally the easiest to'use. They are 
functionally analogous to a small box of 
index cards on which the user makes 
entries. Records consist of fields of 
limited, length. These systems can not 
perform any arithmetic operations. 
Operators can enter and edit data and 
retrieve information by means of key words. 
Reordering of the records on the basis of 
alj*iabetic or numeric values of a specified 
field may also be possi^ble. Reports 
produced by card file managers are 
generally not suitable for formal purposes. 

Data file managers can handle Icaiger records 
'than card file managers, can perform arith- 
metic operations on the data in the fil^s, 
and provide the user with greater control 
over the presentation * of data reports. 
Some file managers also execute sequences 
of commands (i.e. progranps), a feature 
which simplifies the generation of routine 
reports. . 



The primary difference between data base 
management systems OBMS) and the previous 
classification is the ability to manipulate 
multiple files simultaneously (a ^^ata t^SS, 
can be thought of as consisting of files in 
the same way that a retford consists of 
.fields). DBMS software also can 
execute programs in the same manner as the 
more sophisticated data file managers. Olie 
language in which these programs* are 
written (i.e. the data manipulation 
language) may be either the internal 
language of the EfiMS or a more ,f standard 
high otder language (e.g. BASIC or COBOL) . 
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Professional users can benefit from data management software featuring data 
analysis transcription, and presentation. Data from surveys, samples, or 
experiments can be stored, retrievedr nwnipulated, and displayed with relative 
ease. Ttie data management system can be used to retrieve selected data which 
are subsequently processed by another program (e.g. a statistical analysis 
package or an econometric model). Conversely, it is frequently possible to 
take the data written on a file by another program and convert them to a form 
usable by' the data management software for post-processing. Although most 
professional users are not expert programmers, they may be capable of using 
the more powerful data file and data base ntanagement sof twari to create 
applications which significantly increase their productivity and emjance their 
research capabilities. 

•rechnical users can reap the same benefits as adndnistrative and professional 
users. An important benefit of data management software is the ease with 
which record-oriented ^applications c^n be created for other users. This 
benefit is apparent for adninistrative applications which require data entry, 
file manipulation, and report writing. Data base management packages contain 
modules to perform these tasks, and the application programmer need only 
define the file content£(, the specific calculations to be performed, and 
certain parameters for the\ report writer. As long as the basic data base does 
not dhange, adding additional reports or data entry routines is a relatively 
simple matter. 
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CLASS 



TABLE 4-4. USES OF FIL6 AND DATA BASE MftNftSEMENT SdFTWARE 
APPLICATIONS 



CLERICAL 



Data entry (if software has provision) 
Generation of routine reports 



ADMINISTOATIVE 



Accounting 
Inventory 

Project management 

Planning and l^dgeting 

Personnel applications (smaller scale) 



PROFESSIOMAL 



TECHNICAL 



Maintenance of data files (e.g. questionnaires, chemical 
analyses on samples, etc.) 

^Bibliographies 

Statistical analyses (either directly in the data manager 
or in conjunction with other software) 

Development of software for other applications 

Project management and monitoring (similar to 
adninistrative users) 

Data files and statistical analyses (similar to 
professional users) 
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4.3. SPREAD SHEaOT PROCESSOPS 

Spread sheet processors enable a user to define a table, «iter data into that 
table, specify the calculatiCMis to be performed on the data, „and' present the . 
results in a useful f oqnat. Figure 4-3 is an example of such a table, which j 
is also referred to as a 'Yrtodel*', for a part of an engineering project budget ■ 
projection. The expected hours for each task were entered, and the spread 
sheet processor calculated the total hours by job classification (e.g. 
Technician, Engineer III, etc.) and the cost projections (in another part of 
the table not sho^m). Because changes in the number of hours or labor rates 
in any classification would cause a recalculation of the entire moc^el, the : 
spreadsheet is a useful tool for planning. Management personnel can easily 
manipulate time allocations to make the project fit within a qertain budget or 
estimate the effect of cost escalations by raising labor r^tes by a given 
percentage at the end of each y^ar. Spread Sheet Processors are so named 
because this process is analogous to the preparation of a "spread she^t" by 
accounting and management personnel. These programs' were conceived of as 
managerial planning,' budgeting, and decision making aids. However, they are • . 
also useful for other problems where r^Jeated calculatims are necessary. 

When VisiCalc, the first spread sheet processor r was introduced in 1979, its 
purpose was not generally understood [BRICSSl. Hcwever, within'a period of 
two years, Visi<::alc and its competitors became the most comnon microconputer 
application package for managerial users [MORli82]. A number of authors' 
(FERR82, WOHL82, POMA83, HIRS83] state that spread sheet processors were the , , 
primary motivation for the introduction of microcomputers into large , 
organizations. ■ - ^ ' ' 

There are two general types of spread sheet processors:, interactive^md- nc«i-N 
interactive. Interactive packages perform the specified calculations as .the) 
user enters data or defines mathematical opeK;aticMis. Non-interactive "packages/ 
require the user to create a file which contains all data, commands, and 
formatting information before the spread sheet results are presented. The ' < 
primary advantage of interactive packages is the ability to rapidly develop 
spread sheet applications. In a recent evaluation of three spread sheet 
processors, Bishop [BISH82] reports development times of 1 and 2 hours for two 
interactive packacfes and 8 hours for the non- interactive package. On the • 
other hand, some non^interactive spreadsheet processors use a form of model 
development which is easier to understand. In addition, because a series bf, . 
non-interactive models can be run in batch mode (i.e. without operator 
intervention once execution is started), a user needing to prepare a set of 
monthly reports based on a relatively small number of inputs can use an editor 
to prepare the files and can del^^te the exfecution and printout of the.Tnodels 
to a less skilled assistant, ' p- 

Table 4-5 shows possible ^ applications of spread sheet processors for the user 
classes defined in (3iapter 3. Because this software has been oriented toward 
adniriistrative and professional workers,'*clerical uses are limited. As was the 
case with data.management softwarjB, clerical workers can enter data or 
generate .routine reports if the procedures are well defined and training has . 
been provided. However, such training will probably occur ^on the job because 
little clerically oriented training (either material or courses) is available 
for spread sheet, pii^ograms. , 
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• ■■ ■■ . ' • 

Administrative users can independently develop siirple mpdels for planning and 
budgeting but jnay need expert assistance for more elaborate models which 
evolve from their initiaiJL work (PERR82], If the spread sheets are used for. 
accounting puirposes or critical decision making, validation or verification of 
the model is neoessapy. Checks for correctness within the model (e.g. do all 
the line items add up to the total allocation?) are a useful means of 
achieving this result. 

Professional and technical workers can use spread sheet processors for simple 
data operations (e,g. addition, multiplication, some transcendentals). Spread 
sheet processoi;s are also ui^ful for parametric studies (i.e» the effects of 
changing input values on the results) on simple models. Technical, users can 
use ^prfead sheet models for both their own purposes and to support the needs 
of other users. > 
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CLASS 



TABLE 4-5. USES OP SPREAD SHEET PROGRAMS 



AEPIilCATICNS 



CLERICAL 
ACMINISTOATIVE 



Data entry and preparaticai of standard reports 
Budgeting 

Project and contract aiaiitoring 
Financial and manpower projections 



PROFESSIONAL 



Project and cost .monitoring (similar to 
adninistrative) - 

Simple parametric emalyses 

Specific calculations amenable to presentation in 
tabular form 



1ECHNICAL 



Project and cost monitoring, parametric analyses 
(similar to professional, a(inini strati ve) 

Preparation of applications for other users 



® 
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4.4. GRAPHICS SOFOWARE 

Uie increasing capabilities of microcomputer systems and the growing amounts 
of information which Government workers must handle provide incentives for 
the use of grajAiics software. Microcomputer based packages encourage graphics 
in situations where they have not previously been used because they can be 
generated rapidly and inexpensively and they are easily modified, ) Even 
where the microcomputer generated output is not of adequate quality, it 
provides good drafts and speeds the production of final copy. Graphics 
systems can be classified as follows: 

.Display of numerical data -generated by other applications or manually 
entered by the operator is generally handled through the three types of 
graphs shown in' figure 4-4. Bar graphs (4-4a) can be used to display 
absolute quantities (e.g. the^anount of coffee imported fran Brazil each 
year), pie charts are useful for displaying proportions (e.g. the 
proportic»is of coffee from South America, Central America, and Africa), 
and scatter plots are a general means of displaying the relations between 
4^ or more variables. 

• Djcastfings and X[lusiu:atlons \ 

In addition to graphs for display of nimierical data, microcomputers can 
» also be used to create drawings. Less sophisticated systems can be Xsed 
to create simple line drawings such as block diagrams, flow charts, or 
figures created with a digitizer. More sophisticated systems can create 
con^lex engineering, drawings 'and manipulate the data to enable computer 
aided desigp. Because of their additional hardware requirements, the 
cost of these latter systems can be several times that of the basic 
microcomputer. , 

High RfiSfiliJj;iQn Cei^ 

High resolution color grajAiics represent the most s<:^)histicab€!d level of 
microcomputer base^ grajAiics. They are useful for cartograpt^ medical 
appliqations. and specialised technical tasks. This capability Vequi res 
additional hardware and software which is beyond the scope of most users 
(at the time of ttiis writing). However, the adven^t of lower cost 
memories, color displays, color hard copy devices, and 32-bit 
microprocessors may bring the 'cost, of high resolution gra^iics down to 
acceptable levels in the near future. 
% 

The suitability of a graphics software depends not only on its processing 
ability but also on the output devices it supports. . Available graphics 
software can produce drawing on printers, plotters, or other devices. 
Graphics on printers can be produced with either the ASCII character set or 
with special^ printer, positioning aijd dot controls. Table 4-6 describes 
graphics output from commoi^ard copy devices, and figures 4^5 through 4t8 
show som6 examples (Chapter*^ contains a more complete description of the 
devices themselves). , ■ A 
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(c) Scatter Plot . 
Figure 4-4. Types .of Graphics for Display of Numerical 
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TABLE 4-6. OlARACTfeRISTICS OF GRAPHICS HARD COPY OUTHJT 

TYPE OF OUTPUT RELATIVE RELATIVE RELATIVE * COMMENTS 

SPEED COST QUALITY 



Character Printer* High 



Dot Matrix Medium- 
printer with Lew 
control over 
individual 
dots and pre- 
cisian print 
head control 



Fully formed Low 
charact^l^r in- 
ter wj 
cisic 

head cohti 




0 



Plotter 



Lbw< 

0 . • 



Low Low ' Major advantage is ability 

to use ASCII character set 
-provides greatest flexibi- 
lity, can be transmitted to. 
„ other systems, and can be 

embedded in textual docu- 
ments (e.g. diagram in in- 
struction manual) . 

Low Medium- Dot matrix printer with t^^^ 

Lew mapped capabilit4es*can pro- 
duce adequatis graphics^ for . 
inf ormal 'docujnehts- - No 
standards for non-ASCII ma- 
trix patterns, print head 
contco^ir irtiusr ho transpoi;- 
;^tabilit5r'-'.v V;r^' 

Medium Medium--, FjH-lly - formed character 
High printers with precision , 
. i ; - . positioning can produce the 
' " • ':S^ quality line 
' / symbol 9 as dot matrix 

■r" .. :pr inters ;: ^nd can prdduc^.. 

• V ' ° ' * ' ■ fiighet 

V / , !rhe primary disadvantages . 

r , - ' ' ; ' ' are the abs;enpe of stahd^^ 

/ * ^ ^^^^^^ 

and; th.e re^^^^^^ 
" ^ , s ; . ■ : ; . ; -^ -rieii^e^ia]!^: tp :{)ko<luc€i .4 plot: ' 

High- High^^^^^^^ '^^^ " 

Medium^^^^^V^^^^ '^^^^^^^ ; a is capable ttf^the best 

; u . qual i,ty (depending -on ^ 
: . . . -'^'^'Noti^ ^■ 

: \ T efficient where piuch. text 



High 



High 



* ' G?sts expe^ decifeaser 

-^Ir"©! ij^^^^ t,hr oughput " 

; ^ e3cpeGted;ltp;}inc^^ as vplr 
; ; \|[^ ^iii^ei^^ Suitaiale? f bi: 

•■ / ' ■. ■■•./"■^v^:-"-.''^-.— . ■ ; ^v.,";:-r ..•i-.vv:v^A-^/--rb<^ text^iu>d--grafihics-- • -'^ 
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Ideally, one would like to consider the capabilities of graphics software and 
hardware devices. in<5epfflndently. Unfortunately, standards for graphics have 
not yet reached the point where this is possible. As a result, graphics 
capabilities can not be obtained simply by buying the appropriate software, 
and many users will not find a suitable combination of graphics hartore and 
software for their system at any price. Major software vendors, the American 
National standards Institute (ANSI), and the Association for Computing 
Machinery (ACM) are attempting to address this problem by offering products or 
developing standards. However, there are no clear "winners" at this point, 
and graphics standards remain a controversial and unresolved area. 

Table 4-7 shows the uses of graphics software. Clerical workers may u?e 
graphics output as part of their dociment preparation tasks or they may assist 
users of other ql asses in the preparation of illustrations or graphs. The 
prima,ry use" of graphics fojp administrative users is to present data 
efficiently and to prepare diagrams (e.g. organization charts, project 
schedules, etc,') for reports and meetings. Professional users may employ 
graphics for the presentat^ion of experimental data as well as line and bar 
charts.* Technical users have applications similar to those of professional 
users. In addition, as microcomputer-based CAD systems become more powerful, 
they may increase the productivity of t^echnical "personnel. 
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USER CLASS 



TABLE 4-7 . GRAPHICS SOFTWARE APPLICATIONS 
■ APPI.ICATICNS - 



CLERICAL 



AEMINISmTIVE 



Preparation of charts ^nd graphs based on input 
supplied by others or generated in the cburse of the 
preparation of normal reports, 

jGraphs^ for reports, brief ingsv and other 
'presentations on the financial and management aspects 
of department, contractSr other areas of 
respcMisibilit^. GrapAis are often a more efficient 
"w?y of Rjresenting* information and retaining audience 
interest. 

Gaieration of diagrams for internal use (organization 
charts, project management schedules and diagrams, 
etc. ) . . . ' ' 



PROFESSIONAL 



^>resentation^bf data generated by user or by other 
,progrfros. 



TkHNICAL 



Presentation of data (similar to prof espional users) . 

Cqonpater aided vdesign. * 

' Generation of diagrams for design documentation, 
reports, presentations. 
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4.5. MIOOXMPOTEB C)OMhfJNia«PI^ 

Because Governraent activiti^i require the coordination of the work of many 
individuals, it is appropriate ttiat inl<^ocomputer systems should be linked 
together, This.eection discuBi^^s coimnuni cation software and some of the 
acccmparfying issties of types of data .catinunicatiorts systems. * 

Microcon^juter communication software can be used by all classes of Federal 
w6rkers as shown in table 4-8. ^,lReXiability, performance, and ease of use are 
important considerations in all user cases. A major use of computer 
Communication for clerical -workers is as a replacement for the physical 
movement of documents. Efficient communication can also enable several people 
to work on the same document simultaneously everi' if they are physically 
separated. The value of this capability may grow in response to pressure for 
increased clerical productivity. 

Teger [TE)6e83] points out that the majority of managerial activities relate 
directly to communication. Thus, managerial and administrative users can 
benefit from the'^ility to quickly and easily move messages, data, and 
documents by means of microcorputers. 

The docOment and data transfer capabilities useful to the previous two classes 
are also applicable to professianstl users. These users can perform their 
mainframe computing tasks using microcomputers and communication software. 
File transfer capabilities would enable users to perform much of the 
reduction of the mainframe program printout into a form suitable for 
interpretation or presentation). " ^ 

Technical users can benefit from all these capabilities, in addition, they 
can participate in the dissemination of botn computing^related topics by 
accessing both public and -private research networks. Thesjs networks often 
contain public domain or Government developed software which these users can 
modify and introduce-^into their own agencies. 

As with all types of ^Computers, data communication with micrpcomputers 
involves many technical, issues. The Open Systems Intetconnection Model of the 
International Standard;^ Organization [180811, currently the doniiiant framework 
for the design of computer communications systems, has seven different levels, 
each of which may have one or more different standards associated with ,it. 
Successful data communication requires that the communicating systems be 
compatible at all levels; attaining this compatibility is generally a" 
complicated and highly specialized task. ' *v 

However, the field Is contirttiing to develop, and a unified approach to data 
communications is emerging. One major international effort, the ISO Open 
System Interconnection Model, was mentioned in the ^prdvious' paragraph: 
Another international recommendation, X,25, defipes a means of data* 
interchange between systems through- a public telephone' system. Federal 
initiatives include the selecti'on of a limited set of options of X25 to 
facilitate rapid and efficient data coninunication (NBS83d] and a standard for' 
exchanging information between computer based message systems . [NBS93e] .; 
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USER CLASS 



TABLE 4-8. APPLICATIONS OF COMMJNICATIONS SOFIWARB 

APPLICATICN / 



CLHRICAL 



Transmission of documentB to other sites for hard 
c»py output or teview by remote per^nnel, storage 
and retrieval of documents frcm centralized file 
servers (on local area networks or in oonjiaiction 
With larger canputer installations) . 



ADMINISTRATIVE 



PRCFESSlONAL 



"Electronic mail" , (i.e. transmission of ' memoranda, 
messages, reports by means of microconputer 
coitinuni'cations) . f . 

Transfer of , financial and adninistrative data to 
and from larger installations. 

Access to data bases on either an internal systan or 
from an information utility or value added network. 

Access to mainframe ooroputer for dumb terminal/ 
intelligent terminal^ applications. 

Electronic mail (sijnilar to administrative^users) . 



TECHNICAL 



Access to larger caiqputers and ocmputer networks for 
applications similar to professional users. « 



Use as software . canponisnt in developnent 
distributed computing networks. 



of 



Chapter 4 -v Microcomputer Applications 

Data communication etandardization efforts within the Government are described 
in a recent article lBEiAN82]. Readers inte^iding to ijnpJ,€roent systems are also 
referred to the "Current Lis^ of Documents" from the Systems and Network 
Architecture Division of ICStf [NBS83f]. . - 

§■ O T t 

, ' * ' < •* 

■'' - ^ * 

Section -4.5.1 discusses asynchronous serial communication and section 4,5.2 
discusses data communication using telephone lines, a common transmission 
mediun for asynchronous comnunication. Section 4.5.3 discusses microconputers 
as parts of a ihinicomputer or mainframe-based network, and section 4.5.4 
describes local area networks. 

4.5,1. AsynchrcMious Serial Ccmmunicaticai 

Asynchronous serial^communication requires only an RS 232C port or a moden 
(see section 2.2.8) and is therefore one of the most widely used ccinmunicatic«i 
.methods. Microcomputer software for asynchronous serial communication 
software i& Available for at least the following three general functions: 

Teletype snulation 

Teletype or, "dumb terminal" emulation allows the user to communicate with 
a remote system as if the microccnputer were a teletype terminal — i.e. 
to display characters as they are received and to send them as they are 
- typed in. Exanvples include retrieving news items or responding to 
electronic mail on a larger remote system. 

Teletype emulation requires a minimal amount of processing by the 
microcomputer, and is the "lowest common denominator" of computer 

, ccanmunieations. Thus, most mainframe computers and (and computer 
networks) support this type of communications. However, because all 
processing and storage must be performed by the host computer (as) opposed 

V- to the local microcomputer), communication, remote computing, and storage 
charges can be relatively high. 

File tran sf er 

File transfer is the ability of the microcomputer to either send or 
receive (and store) a fil^, and is a useful capability for manipulating 
data either before it is sent or after it is received. Scsne general 
purpose :f Ue transfer programs require that the" files contain only ASCII 
characters. Where material containing object code or arbitrary symbols 
is to be transferred, more advanced file transfer programs must be 
employed. 

File transfer is a useful capability for pre or post prooessincf of data. 
Fdr example, ones could use a text editor or word processor to prepare a 
source program oi: document file, send tlie file to the central computer, 
and th&i perform additional operations (e.g. compilation and execution or 
simple printing) at the remote site. Another example is the accessing of 
financial data contained in f iles on the mainframe, storing .them in a 
file on the microcomputer, and subsequently manipulating that data with 
local applications software (e.g. a data file manager for production of a 
report), 

. 79 93 
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Intelligent terminal emulation packages allow a microcomputer to r^lace 
proprietary or specialized terminals that have functions beyond those 
■ provided by a teletype terminal. This type of emulation proxjesses 
specialized canmands from the remote c^irpiter to enable the display of 
variable intensities, color, or local editing. The integration of a 
microccnpiter into an existing mainframe network may require more than 
the simple purchase of a software package, and coordination with the 
central data processing organization is necessary. 

4.5.2. Microcomputer Communications Via Telephone Lines 

The easiest way to establish a communication link is ^ means of a telephone 
and a modem. A modem is a device which converts digital signals to an audio 
tone sent over telej*ione lin^s. Modems may be internal to the computer or 
externally connected by means of either an RS 232 port (section 2.2.8) or an 
accoustic coupler. There are thre\major disadvantages to the use of 
telephone lines: \^ 

(1) Telephone lines are not designed fipr data communication; Hiu^, data 
trananission is slow and not alway^ reliable. The most common data 
transmission rate is 300 bits per second (approximately 30 
characters per second). While such transfer rates are adequate for 
short messages, a document of 10 pe^ges may require 20 minutes or 
longer for transndssicxi. 

(2) Extensive use of telephonic data communications ties up lines, 
switches, and equipmient needed for voice communication, and tan 
result in excessive telephone charges. If several microccmputer-s are 
connected to a single larger installation through telephone lines, 
specialized devices such as multiplexers or concentrators can be 
used±o reduce the number of lines. However, their use is neither 
cheap nor always possible. , ; 

(3) Establishing a connection between two computers can be an awkward 
process. The most usual way is to dial a telephone number, wait 
for a tone from the receiving modem, and initiate data 
communication. Microcomputer software and hardware capable of • 
automatically establishing contact by means of automatic dialing and 
log-on are available, but sophisticated telephone communication 
equipment can easily cost as much as the microccniputer. 



These problems make telephone cownunications less than satisfactpry for links 
where a constant connection is required or a high volume of data is 
transmitted. Special types of interoffice telephone systems call^ Private 
Automated Branch Exchanges, or PABXs are available for overcoming some of 
these problems in a local setting. However, PABXs are costly, and full 
utilization of their capabilities requires custom design and technical 
expertise. Uius, in^lementation of a PABX may result in a system which costs- 
several times the original purchase price of the microcomputers. 
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Despite these drawbackSr the low technical risk, adequate performance, and 
ease' of establishing a connection have resulted in telephone lines becoming a 
popular means of microcomputer communication. The long term prospects for 
telephone data ccimiunications can be judged by the fact that integral modems 
< ccme either as standard itans or readily available accessories for the most 
widely selling systems. * h 

4.5.3, Microcomputers in Larger Computer Networks 

Microcomputers can be incorporated into networks based on a larger computer 
in a variety of ways. Connections can be established using either telephone 
lines or connections through the output port of the microcomputer to the 
larger system (see section 2.2.8). Higher data transfer rates can.be 
established using specialized communipation hardware interfaces, specialized 
Software, intermediate communication controllers, and other vendor-specific 
techniques. V ' 

Microcomputer software which emulates teletype or intelligent terminals 
(section 4.5.1) can be used to establish a minimal level of interaction 
between the two systems, however, higher levels of integration are beginning 
to appear. One example is the combination of microcoitputers and mainframes fpr. 
database inquiries [JOHN83b]j. The microcomputer provides a "friendly" 
interface which requests data from the user and formulates a,, comnand which can' 
be processed by a mainframe data base management system. Security provisions 
are addressed either by having the microcomputer provide data on ^le identity 
and authorization level of, the user making this request to the central system 
or by having a local determination of access authorization. *An even m.ore 
sophisticated interaction is possible if ^ ^microcomputer application package 
such aa a spread sheet analyzer is integrated into the "friendly" interface. 
This integtation allows the user to retrieve' and prcjcess d|ta without regard 
to where it .resides — i.e. true distributed processing. . 

Some manufacturers of both mainframe an^d micriptcomputers h$^e irttroduceicl 
special adaptations of their microcompHter products tHat"' are designed 
specifically to function in their mainframe computer nistwor,);;;^ By means of . 
both software and hardware modifications, these units have <?aB^bilities which 
are greater than standard micrbqomputers with Intel lig^t terminal; jemulatipn 
software. Examples of sucfi c^jabillties include being able to jsimulti^busly 
ejcecute microcomputer software while accessincf the remote 4nainframe and the 
ability to manacfe several mainframe,,. sessictfis from a singl^e .mic;:c>cfqjputer.% ' 

♦The close coordination pf microcomputers and mainframes rai^? a nuwser. pf 
management problems. Uninhibited access to the central mair|fr^8roe, caii result 
in an excessive load. Concerns of data vfilidity, int^egt^ty; ■ and qecar^ty ^re,' 
much tireater when users have both easy access to central agdhcy .data f^ahd t^e 
ability to manipulate it using microcomputer applica^ons >4^th navfe not- heeh ' 
validated and approved by the fcenttal data processiri^g ejitlty* * Yitislly, if 
microcomputer procurements have been made withciut regard to^th^ppOS^ib^lity of 
integration, It may be technically difficult or "impossilJle. to achieve' the 
levels of performance and reliabiXity necessary to irap^^mtent'distribuifed 
processing. „ .c' ' . 
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4.5,4. Microccmputers in, Local Area Networks- 
Local area networks consist of devices ^nterconnectedj^y highr speed short 
distance lines. Amwig the potential benefits of local area networks are the 
sharing of expensive peripherals, the facilitation of communication among 
microcomputers, and the integration of ^crofonputers with minicomputers ana 
other types of office autcwiation products. Local area networks, vary in 
performance and cost. The least expensive networks cart be implemented at 
approximately $500 per node (i.e. microcomputer or perijAeral) while more 
powerful systems can cost ten tixnes as much tEXSE83]. J At least 40 firms were 
active in local area networks at the end of 1982 [aMEJ82, HUGH82). However, 
the number of firms with viable products, suppcnrt, and distribution is 
probably much snaaller. One recent article [FOST83bj cites an expert who feels 
there are only two practical microcomputer-based local area netwprk& 

Lower priced systems are available with transmission rates of 1-2 merits 
per second,' and supporting software may allow the sharing of a hard disk. 
High performance systems use rates of approximately 10 megabits per second, 
and software support includes electronic mail and support for sophisticated 
printers, Ic^g-haul communication devices (generally using asynchrortous serial 
ccrmunication over telephone lines), and mass storage devices. 



v. - 



Local ^rea networks (LWIs) can be characterized in a number of different ways. 
TVo coninonly used characteristics are to pology and conrainications medium . 

The topQlojgy refers to the manner in which they ar^rconnected. , Figure 4-9 
shows three common topolpgies available in current local\area\ network 
producta The Star facilitates the sharing of resources^ ^uch is hai^ disks, 
opmmunicaticais deviceSr printer ^s, or ccmnon data files which ar6 located at 
the central node. Two popular itficrocomputer'-based local' area networks use 
th^s topology [EISE83, SAAL83] which is appropriate as a small and lew cost 
mfeans of in¥)lementing a network." However, becayse traffic is limited by the 
thr output of the central node which is in turn limited by oost constraints, 
such a tc^logy is not c^imal fot a large number of nodes. 




iThe lineaj'bus topdloqy' is also useful for^sh^irii^ devices as well as 
facilitating <x?tinunication between any of the nodes. Tme -linear bus has been 
standardized on 4 levels of the ISO reference model [IS081] as lEEfc Standards 
802.3 arid 802.4 [IEEE:83a, IEEE83b],. Because of its developmental and 
commercial history, the linear bus has becane increasingly important for 
medium and l^rge sized' local area networks.. 

At present,, the ring topology is not as prevalent as the star and linear bus 
but has beei| used in probess control applications tpgether with the token 
passing access method. In this appj^ication, each membbr ^ the network gets 
access t6 the comihunicatiqn channel^ (i.e. the i^flken) a set time a^T 
pr^efined intervals). Standardization for ring-based local area networks 
using token passing^ is currently in progress as IEEE P802.5, „ 
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Figure 4-9. Topologies for Local Area Networks 
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The communications medium describes the nature of the links between nodes. 
Lower performance systems use "twisted pair" links, i.e. copper wire and 
connections similar to the RS-232 (section 2.2.8) standards. The advantages 
of this medium are low cost and the ease of connecting and disconnecting 
devices. Higher performanqe systems use coaxial cable and radio-frequenqy 
type cotmunicationS. T^o types of transmission techniques are available over 
coaxial cable: "baseband", in which all devices share a single caranunication 
channel and "broadband", in which devices can caimunicate with each other on 
dedicated frequencies (some broadband networks have a baseband' channel). 
Optical fibers, the newest coninunication link, allow the highest data transfer 
rates and solve maity of the problems associated with electrical signals (power 
surges, radio frequency i.nterference from electric motors, etc.). However, it 
is, the most difficult and expensive communications medium to install, and is 
still somewhat experimental. ' . 

In addition to the general type of network to which the microcomputer will be 
attached, there are additional issues associated with the software support. 
For example, one of the most common motivations for using a LAN is resource 
sharing. One such resource is a mass storage device (a "file server"). ;In 
some current systems, the file server is nothing more than a hard disk drive 
with a controller to prevent several users from accessing.it simultaneously. 
Each user has an independent directpry, and no provisions are made for file 
sharing. More sophisticated file server software allows for the accessing of 
a single file by multiple users with access contrdlled by means of a password 
system. A still higher level of sophistication would allow simultaneous 
access to a given file (e.g. for dat^ entries and queries from multiple 
operators). If the network architecture allows for the inclusion of a 
minicomputer as a file server, other functions at thes^ higher levels might 
provide for some form of distributed processing for software development (e.g. 
compilation on the central device while editing is performed locally). 

Local area networks are a topic in and of themselves, and a complete 
discussion of the issues involved is beyond the scope of this report. An NBS 
publication [NBS82] contains a more complete exposition of this subject. 
Protocol and physical interfaces of local area networks are currently in the 
process of being standardized under the IEEE Project 802. In addition to the 
802.3'; 802.4> and 802.5 standards which were noted* above, work is under way on 
a metropolitan area network (802.6) as well as an overall architecture (802.1) 
and logical Jink control protocol (802.2). 
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4.6. 



SPECIALIZED SOFTWARE 



Specialized software includes application packages not covered in the previous 
sectiona Traditionally, these specialized ptbgrams have been written by the - 
end user (or programmers employed by the end useip because of the small number 
of installations with the same hardware and software, a fact which inhibited 
the development o^ third party software. However, the advent of 
microccmputerfe changed this situation, and many specialized software packages 
ar6 currently available for purc^iase. In addition, 'other microcomputer 
software such as data base management systems or spread sheet analyzers can- be 
used to construct applications. Custom software developnnent is also an option 
for urtique applications. 

Purchased Software 

Although applications such as project management, capital Assets 
management, or electronic design are of less general interest than word 
processing, packages have been developed for the^e purposes. 
Unfortunately^ they are not as readily available as the more standard 
types of applications and are often mor'fe expensive. Despite these 
difficulties, specialized software packages can significantly increase 
the productivity of specialists working in these areas, and the cost is 
frequently Recovered within a short time after their purchase! 



JQflta fias£ Management ^Ystems ^ Sor&ad sheet Analyzers 

Users who cannot find software for their ap^lica'tion should first 
consider a data base management system or spread sheet analyzer before 
embarking on a software development effort in a more traditional computer 
language. Their generality has enabled these software products to be 
extended beyond their original intended applications. The?e programs 
have been used for accounting, statistics, cost estimation, project 
management, and real estate calculations. Even if the generic 
applications do not provide adequate capacity over the long run, they can 
serve as a guide and specification to the developers implementing the 
final product. v 



In cases where software meeting the needs of end users is not available, 
custom programming may be the only aljiernative. Ttiis is' the most costly 
and iincertain option and should not be undertaken without expert 
assistance in both management and development, These^ efforts are also 
appropriate if - the product will be used on many systenfe In other cases, 
the software development aid^, utilities, and the g^erience base on 
larger systems may favor the development^^ the application on a 
minicomputer or a mainframe. ' 



£u&tQD) Programming 
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4.7^ APPLICATION INTBGRATICN 

The previous sections described how applications can be us^^w* to Federal 
workers as stand-alone - programs. ' However, if these programs can be 
integrated, i.e. made to work together, microcomputers can provide greater 
benefits. For example, a formal report containing textual material, numerical 
data, and graphics prepared on a microcompi\ter requires a word processor, 
spread sheet analyzer, and graphics pr-ogr^m. Changes in*/ the data would 
require that the user re-exe^cute all three programs and reassemble the 
document. Howevfer, if the applications were integrated, users>ould make only 
a single set of corrections to the spread, sheet- model, re-execute the 
integrate(^ progran, and produce the final document. Table 4-9^1ists Bone of 
t^e benefits of integration. 

Integration can be achieved through common file structures, integrated 
programs, multitasking operating systems, and application environments. 

JEile Conpatibilitv , , • . ^ - . 4 

I 

File compatibility means that one application can read and manipulate tiie 
file ' of another. In the example cited above, the word processor and 
graphics program can read files produced by the spread sheet analyzer. 
If the change in the example given above were made m a system witn 
con^tible files, the user would only ihake changes in the spread sheet 
^ . program,* and incorporate the results into the other applications. 

^ Because of the ASCII standard, compatibility of files containing only 
character^ is not a prbblem. Thus, the file-l^vel integration of 
' character briented applications such as worx3 processing or data 
maijagement is generally possible. However, file conpatibility - is more 
difficult for spread' sheet and graphics software. There is no current 
standard for representing graphs and spread sheets a.e. the calculation 
rules and the floating point numbers) which is generally accepted, 
. although a number have beeh proposed (e,g. TSOFTSO]). The n^st practical 
solution for this level of integration is the use of companion 
packages,- i.e. a ^t of application software which can process the files 
of other software in the same product lin^. The disadvantage of this 
approach is that users do not have the flexibility to choose the- best 
application in each area. Once they have chosen the first package, they 
are coninitted to the rest of the product line. 

Integrated Packages 

Integrated p^kages contain several applications in a single sofU/are 
' ' product. Integrated packages are easier to use. than separate tiie 
compatible software when several applications are being used for a given 
task. Changes such as those presented in the above example could be 
accomplished without having to execute applications individually and then 
return to the operating system. < 

One major disadvantage of integrated trackages is similar to that of the 
. companion software packages: the useras committed to a single set ot 
applications — one or more of which may be inadequate. A second 
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disadvantage is that the files produced by integrated packages may not be 
file conpatible with any other software even if the data files contain 
only alphanunieric characters (i.;e. word processors and data managers). 
TXiVLB, unless the integrated packages produce ASCII files (or the user is 
sufficiently knowledgeable to create them by means of operating system 
utilities), the output of the integrate'd packages can not be transmitted 
to other systems or used by other ' Software. - . 

S ingle-user Multitasking operating systems - . 

Single user multitasking operating systems combine the advantages of file 
compatible software with the ease of use of integrated packages- Because 
multitasking systems allow the "simultaneous" execution of a number of 
tasks, users can keep several applications in RAM and move between them 
by means of a simple keystroke rather than a series of commands to exit 
from one application before starting up another. A major advantaige of 
this approach is a greater choice of J.ndividual applipations which 
alleviates the problems of being constrained to a single product lipe. 
Disadvantages include the substantial hardware requirements of 
multitasking operating systems and the difficulty of learning how to 
"juggle" several applications simultaneouslyr ^. problem which may. 
preclude this approach for less sophisticated users. 

Applicatip n Environments „ - 

( ■ . 

Application environments are elaborate /user interface programs which wOrk 
in conjunction with the operating system to provide users Vith the 
ability to control several applications simultaneously. These 
interfaces make the transitions between tasks easier than multitasking 
qperating systems for unsophisticated users. . 

A significant advantage of application environments is that their 
developers have defined filfe structures which overcome some of the 
. problems noted earlier. ^Thus, graphics can be placed in the middle of a 
text file and transmitted to other systems (if they are equipped with the 
same environments). Some of the major software vendors who sell these 
packages have stated their intention to encoi^rage independent 
programmers to develop applications in the same manner as operating 
systems. Thus, these environments may eventually provide users with a 
wide range of choices of mutually ccanpatible applications. However, 
current software offerings for most application environments consist of a 
single line of products with the same disadvantages noted above. 
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APPLICATION 



TABLE 4-9. APPLICATION INTEGRATION 
BENEFITS . 



Word Processing/ 
Data JJlanagement 

Word Processing/ 
Spread Sheet 



Incorporate reports generated by DBMS ' Man^gqnent into 
documents produced with a word procesbor. 

Incorpofate "spread sheet calculations (either total or 
partial) into reports, memoranda, and other documents 
produced with a word processor. 



Word Processing/ 
Graphics 



Incorporate graphs into reports and other documents. Note: 
suitable only where single output device produces adequate 
quality of both text and graphJLcs. 



Word Processing/ 

Specialized 

/plication 



Incorporate results of specialized aE^)lications directly^ 
into documents under preparation without need to retype. 



Data Managiement/ 
Graphics 



Plcft (bar, pie, scatter, o^her) data in selected (or all) 
records. 



Data Management/ Transmit (or receive) data fot inclusion in files. 



Conomunication 



Data Managenent/ 
» Specialized 
i^lication 



Entry, maintenance, modification/ searching, sorting of 
data records can -be handled by file manager, actual 
specialized analysis performed by other application 
prograns (either written in data manipulation language of' 
DBMS or as separate program in other HOL) . 
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TABLE 4^-9 (continued) . APPLICATION INTBGRATIDN 
APPLICATION ' BENEFITS 



Spread Sheet/ 
Graphics 



Presentation of spread sheet results in an easily 
understood form. This capability -is useful when dealing 
with larger tables or/ when presenting Results toVothers 
less involved with the details of the calculations. 



Spread Sheet/ 
^Communication 



* Olie ability to transmit spread sheet results or take data 
fron larger systems (e.g. economic data from public access 
computer networks) for use wit^ a spread sheet model. 



Spread Sheet/ 

Specialized 

i^lication 



! 

Ability to take results of ^cialized program (e.g. 
solution to^ set of partial differential equations) ' and 
perform simple parametric studies on results without need 
to rerun a complex application. 



Graphics/ 
Communication 



Transmission of grajiiic material to other u^rs. Note: 
alternative for data plots is transmission of numerical 
data in ASCII format and. replottirig at. remote site. 
However, for / diagrams, designs, and other non-data 
oriented grajAiics, this may not be practical. 



Graj^ics/ 

Specialized 

Applicaticai 



Direct plotting of results of specialised application. 
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CHAPTER 5 7 JIANAGEMENT ISSDES OF MICROCOMPUTERS 

This chapter discusses several topics on microcomputer usage and management* 
Section 5.1 discusses the motivation for the use of microconputers and their 
utility to the four user classes described in Chapter 3. Section 5.2 lists 
factors affecting the costs of microcomputers, 5.3 discusses the risks in 
their use. and 5:4 describes some of the means of avoiding or reducing theses 
risks. Finally, section 5.5 lists currently available sources- of 
microcon^ters available ta Federal users. 

5.1. MOTIVATION FOR USIN3 MICROCOMPOTERS 

The demand for microcomputer's in the United States is large and growi«g. A 
major financial periodical IBUSW821 estimates the combined 1982 sales of the 
four market leaders at $5.5 billion (including microcomputer hardware, 
software, and subsidiary products). Estimates of 1982 shipments of personal 
computers vary from 860,000 to 2 million (depending on whether home or 
entertainment systems are included) and a 500% increase iS predicted by 1986 
IDODG821. Microcomputer usage in large organizations is growing even faster 
than the general market. Most researchers predict that government and 
corporate demand for microcomputers will equal or exceed the rest of the 
market by 1986 IDODG82]. 

A driving force behind this rising demand' is the need to increase the 
productivity of white collar workers who now« make up approximately one half 
of the United States workforce (TEGE831. One study quoted by Goldfield 
(GOLD831 estimated the productivity gain of this sector at 5% over the last 
decade while the corresponding increase for industrial productivity was fi3%. 
The' Federal government has even more motivation to use microcomputers. 
According to a recent General Accounting Office study IG?082], white collar 
workers conprised 80% of the Federal work force and cost $81 billion in 1980. 

Table 5-1 shows examples of how microcOTiputers can be applied to the tasks of 
Federal workers. The low cost of hardware and standard software applications 
and the fast response possible with microcomputers (especially for highly 
interactive tasks) make them promising vehicles for increasing worker 
productivity in a variety ^of functions. 

In addition to individual productivity gains, microcomputer installations can 
provide more global benefits to agencies. Sonie of these include: 

. an increased level of operational reliability where compatible systems 
are installed. Work can be moved to ano|bher computer if one system 
fails \ 

. . \ 

^ joint development and sharing of applications 

gradual updating of inappropriate or obsolete equipnent (updating of a 
central computing facility is always a high risk activity) 

( It is therefore not surprising that some Federal agencies have begun to 
procure jnicrocomJJuters in quantities of hundreds or thousands, and that these 
system^ now constitute a significant portion of Federal conputer procurements. 
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In August, 1982, 45% of the data processing announcements in the Commerce 
Business U^ilYr the most comprehensive single source of Government 
procurement activity, were for microcomputers an(3 an additional 27% were 
for minicomputers whose performance capabilities were in the range of 
contemporary microccmputer systems. Because of their low unit prices, many 
microcomputer purchases were not opened to competitive bidding (this 
practice is allowed under current Federal ADP procurement regulations). 
Thus, the level of purchases is probably even higher thajp suggested iyy these 
figures. 



/ 

TABLE 5-1. APPLICATMS OF MICROCTMPOTEJ^ TO' CLASSES OF USERS 



CLASS 



APPLICATICNS 



CLERICAL 



Document preparation 
Data entry 

Preparation of routine budget and fiscal reports 



ADMINISTRATIVE 



PROFESSICNAL 



TECHNICAL 



f 



Document prieparation 

Planning and budgeting ^ ' ♦ 

Contracts administration 

Personnel administration 

Graphics for., meetings and presentations 

Document preparation 
Bit»liograE*iies 
Data management 

Statistical and profession-specific calculations 
Graphics for reports and presentationis 
Laboratory automation 

Terminal anulation (for interaction with larger 
computers) 

Other specialized applications 

Software development and validation 

Laboratory automation 

Computer communication 

Automated testing and data collection 

Terminal emulation 

Document preparation 

Bibliographies 

Data management 

Other specialised applications 
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5.2. CXDSTS OF MICROCOMPUTER SYSTEMS 

Although the cost of the microcomputer hara^are and software is relatively 
low, the cost pf effective implementation in a large organization can be much 
higher. Ttie ^stem costs start at the time the procurement is initiated and 
continue throughout its life. Major cost components include' hardware^ 
software, procurement, site preparation, ^installation and implementation, 
training, supplies, maintenance, and comnunications. Table 5-2 describes 
these components in greater detail. It is quite reasonable to expect that the 
total cost of the syston will be several times that of the initial -hardware 
and software costs. 



TABLE 5-2. MICROODMPUTER COST FACTORS 



CLASS 



ITEMS 



Procurement 



Hardware 



Requirements specification , 
Consultations 

Purchasing process (include preparation of REP and 
evaluation of bids if relevant) 

" i 

Basic System (CPU, memory, di^k drives) 
CRT terminal (s) } 
Additional disk drives (e.g. /hard disk) 
Printer (s) <dot matrix and letter quality) 
Modem /' 

Attachments and acces'sories (additional RAM. 

interfaces, cables, etc.) 
Additional peripherals (plotters, joysticks, 

digitizers, etc.) 

Specialized interfacing costs (consider when ad^Jing 
any serial device) 

Furniture (CRT tables, chairs, printing stands, etc.) 
Noise Hoods 

Electrical power conditioning equipment and battery 
backup units* (as required) 



Software 



Operating system (s) 

Purchased aK>lication software 

Software installation and modification 

CXistom developed packages 4 

Cost of updates 

Ongoing software support costs 



(more) 
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TABLE 5-2 (continued) . MICHXXMPUTER OOST FACTORS 



CLASS 



ITEMS 



Site Prejjaration 



Conversion f. 



InplemaitaticHi and 
Installaticxi 



Training 



FSupplies 



Maintenance 



Air conditioning 

Electrical work ' " , * 

Installation of Cables 

Alteration of offices and* work areas (including 

carpentry work) 
Lighting changes (desk lights* curtains, etc.) 
Lost production time during site preparation 



Inputting data to new system 
Modifying (or rewriting) programs 
.Setting up files 
Managing conversion effort 



Lost production time during installation 
Cost of running parallel dperations 
i?ianning and supervising costs 
Freight Charges . . 
Keeping track of the location of all hardware and 
software components 

Cost of training and supplemental materials not 

included with package purchases 
Lost production during training 
Cost of providing space for on-site training 
"Refresher" courses and ongoing training for new 

employees ' ' 

Disks 
Paper 

Ribbons ■ ^ ' ' ^ 
Anti-static mats and sprays 

Cleaning su£^lies ^ • 

Glare screens 
Paper stands 

Cost of mainteiance contracts (if available) 

Cost of transporting systens to repair depot (if on 

site service is not provided) 
Cost of spare unitis , ■ 

Lost production time 
Lost production data 



Ccmnunications 



Telei*K>ne charges 

Cost of components (cable, interfaces, 
Cost of network installation 
Outside network charges 



software) 
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5-.31 RISKS OF MICmrWPUTERS ' > ' , 

MiciTocoinputers creat^ two type§ of risks; technical and organizational. 
Technical r|sks are related to the inability of the system tp function 
according to'^eitpectationa Organizational risks arise because of tHe; problems 
in implementing and 'managing microcomputer^^ in large organizations. 

5.3.J.. Techhical Risks <^ 

The technical risks of microcomputers can result in both total failure^^.and 
inadequate implementations. Although thfese problems also affect larger 
computer systems, microcomputers are unique because they are installed in 
large nun4)erB and' in settings where expej;t support is not readily avaijablj^ 
The failure of microccxi^ters to deliver the expeqted performance can be due 
to any conbination of the" foil owing causes: 

Iroproper S pecifications sK Regytirementig 

The most obvious reason' for a system to fail to live up to 
expefctations is that users did not speci:fy exactly what performance 
was expected. Requirements and resultant specif icatipns must 
consider issues ranging from organizational policies bo the 
placement of electrical outlets, and must be understood by all those 
involved with the system. *In larger and more expensive conputers, 
generation of functional requirenents and systems specif icat^^s is 
an important part of a long computer selection process^Jd is 
performed by knowledgeable personnel. ' However, the low pfjces of 
microcomputers make such a process more difficult to justify 
' economically despite the fact that it is still necessary. 

Low profit margins and high. volume have limited tjie ability of 
vendors to provide the required level of technical competence for 
microcomputer sales personnel. The high rate of innovation 
exacerbates this problem because no time is available to orient or 
train the sales force for each new product. These circumstances 
have resulted in a greater frequency of misunderstood 
specifications, product misrepresentations, and inadequate post- sale 
support'. - . 

Less Technically Knowledgeable Users 

The proliferation of microcomputer hardware and softju^are has not 
been accompanied by a corresponding increase in the number of 
technically qualified personnel. As a result, the ability of 
Federal users to resolve system problans is limited. Areas of 
particular concern include multi vendor systems, communications, 
software installation, and customized applications. The only way to 
resolve these difficulties may be to discard an entire system. ' 
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Har^are Reliability 

, ■ — ^ 

Although the entrance of major computer manufacturers into the 
; microcomputer market resulted in the establishment of a higher 
standard for manufacturing quality and hardware reliability, users 
may still face the pos^sibtlity of getting an unreliable and 
unmaintainable system, A way to reduce this risk is t6 procure 
. systems from qualified suppliers and major manufacturers, ^ 

Software Problems - f - 



problems in software may arise from incompatibility with hardware or 
other installed software, programs not meeting pser expectations, 'or 
poorly written code. Because of widely used operating systems, 
miorocOTiputers may actually'^of f er users better protection than 
iarger systems for standard applications (i,e, word processing, 
spread sheets, data management, graphics, and communications): 
unsuitable software can simply be replaced with a competing product. 
Unfortunate'^lYf these problems can not be so easily resolved in 
specialized applic^ions and custona- developed code, TSie scarcity of 
qualified microcomputer software experts coupled with the relatively 
limited software development and debugging tools available for 
microcanputers contribute to the problem. 



Interfacing Problenvs 



The difficulties of connecting peripheral devices such as printers, 
plotters, and pointing devices to "standard" ports has been 
discussed in Chapter 2. Microcomputer- users are particularly 
vulnerable because multi vendor systems are quite comrion. -As was the 
case in software and hardware related' problems, the relatively low 
level pf expertise that can be brought to bear on an individual 
system is often insufficient to solve the problem. 

As was. noted in Chapter 5, "establishing communication links between 
a , microcomputer and other computers can also pose problems. 
Difficulties dan arise on the hardware level, the software level, or 
both, and their resolution can be both time consuming and costly, 

5,3,2.'"'^ Organizational Risks 

Even if microcomputer installations are satisfactory from the individual 
user's point of view, they can pose a risk to the organization as a whole. 
Most of the issues relate to control over informa^tion resources within the 
organizaticMi. However, there are additional concerns over mastering the new 
technology and the change in the nature of the centralized computing function. 
The following is a partial list of risks which agencies may face while 
implementing microcomputers: 

Uncontrolled proliferation of microcomputers 

. Bie presence, of a large number of incompatible itficroccmputers within 
a single organizaticMi presents an unmanageable situation to those 
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7 

responsible for maintenance, training, and support. Hye problem may 
be exacerbated if there is a need to interconnect these systems to 
internal minicomputers or mainframes^ 

Unfortunately; the adoption of organizational guidelines and 
policies addressed at resolving this problem is not risk-free, A 
poor choice of cojnputers and the way in which they are 
interconnected could freeze an entire organization into an' obsolete 
technology. A mandatory istandard microcomputer i^stem.may be such a 
poor fit to the Tieeds o^. a significant number of users that th^ir 
ability to perform their tasks is impeded. Conversely, a standard 
system may be overly elaborate and thus a wasteful investment- 

* The growth of microcomputer use complicates the control over 

generatiow and disposition of machine readable data. This issue may 
actually preclude the use of microcomputers in agencies dealing with 
confidential or sensitive information. Even if the data beiag used 
on the microcomputers are not so critical, end users may not 
understand the need to back up files and validate their >t3ata. 

Data in Federal agencies are subject to acts of Congress (e.g. 
Brooks Act, Freedom of Information Act, and the Paperwork Reduction 
Act,) and ruleg issued by the General Accbunting Office and the 
Office of Management and Budget [GflD82], Agencies mu^ comply with 
these regulations in order to ensure t^^e integrity and security of 
data collected and generated by the Government [BRAI83]. If all 
records are in the hands of the er^ user in the form of (erasable) 
magnetic media, there can be no central access to that information' 
and no audit trail of what was done. 

jjQsa at smLLQl sssL programs 

.Two problems concerning software usage on microcomputers are 
unauthorizecl duplication and undocumented and unvalidated user- 
generated applications. The jiresence of compatible, systans makes 
software interchange both nfecessary and desirable. However, it also 
facilitates the generation of copies for use on systems other than 
those for which the software was licensed. The legal liabilities of 
such activities have nbt yet been definitively determined. Hpwever, 
at the very least, agencies would probably have^to pay for all 
unlicensed copies, an unanticipated expenditure which can severely 
limit system growth plans. 

Undocumented applications are useful only to the author. Their 
future value is lost, i^lications used for accounting purposes or 
for making in^ortant decisions should be validated. Unfortunately, 
the need or procedures for such validation may not be understood by 
the program writers and usera 

i -. - • \ ' . ■ 
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Tension between Microcomputer ilafilfi AOd Centralized co m pu t i n g 

facility 



The diffusion of control over information resources from a 
centralized department to individual users will cause a number of 
changes. Programmers and analysts who formerly worked on 
mainframes may have to start supporting microcomputers with a 
resultant need to undergo retraining and a new period of learning. 
In addition, microcanput$rs 'may cofipete with other data processing 
resources for budget and manpower allocations within the 
organization. Widespread installation of microcomputers could 
reduce demand for some t^s of data processing services^of fered by 
'the centralized department. This problem has received increasing 
attention by a number of authors [STJ082, DODG82, DODG83, FERR82, 
HqpS82, CaRT82, OHAR82, BLAN83]. 



Preventing the problems listed in the previous section implies a recognition 
of the risks and explicit actions to reduce or avoid them. Among the actions 
that an agency can take are the institution of microcomputer policies, support 
provisions, maintenance plann^in^, and development of a training program. 
These topics are discussed in this section. 

5.4.1. Microconputer Policies . , 

The primary goal of using microcomputers in an agency is to further its 
organizational goals. Microcomputer implementation policies embody the 
strategies for achieving this goal. These policies could, but do not have to, 
suit the interests of individual users, but the user community as a wholfe 
should benefit from policies which complement the overall mission of th^ 
organization. Tlie degrees of latitude in these policies may range from thos^ 
which encourage the installation of many different types of systems to those, 
which severely restrict the freedom of prospective purchases to a singled 
vendor. Agencies with sharply differentiated applications and technically 
capable persoonel may have' policies which encoutage experimentation with a 
variety of systems; those with limited resources and more uniform applications 
may wish to enforce a more restricted policy. V 



Areas which should be addressed in the organizational microcomputer 
implementation policy include; 

Standards for common interfaces, operating systems, processors, 
languages, data formats, and other ccn^atibility-related areas 

System architectures (i.e. computers and the w'ays in which they? are 
interconnected) that allow for growth at the individual user level and 
across an organization to support shared resources, multiple user 
networks, and new technologies 

Leverage of volume purchases to obtain preferential sup|»rt from vendors 



5.4. 



PREVEIJTION OF PROBLEMS 
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Internal support to assist users with problems and to reduce duplication 
of. efforts. " . 

A good policy will allow for flexibility to meet changing organizational 
requirements, growth of demand, and the fast pace of technological 
innovation. From the user perspective, good organizational policies would 
ensure a consistent, high level of suj^rt and clear procedures for obtaining 
approval of proposed installations. ^ . _ ' 

The implementation of a microcomputer policy should fit the operating style of 
the organization. Tlius, it can range from an informal system of givijig,advice 
to users to formal "^controls with technical and consulting support. In a small 
or highly decentralized agency with no resources to provide support, informal 
advice to users may be the only feasible policy," In larger or more 
centralized organizations, specific individuals can be designated to implement 
a policy tJiat includes selection guidelines, recommended" vendors, standards, 
and ecmpJlance incentives. In extrerfte cases where tight central control over 
the use of information and systems is essential, a control function can be set 
up to oversee and suj^rt all installations. 



5.4.2. Support Provisions 

Users of microcomputers may need a variety of types of support ranging from 
simple help in the physical installation of equipment to technical and 
analytical support in creating complex applications. Some users are 
sufficiently knowledge^le to work without any support; others may require 
extensive training and ongoing asjsistance. Federal agencies can choose to 
provide some or all of the required support internally, they can depend on 
the systems' vendors, or they can turn to third parties such as consul tantsL 
Shialler organizations may not be capable- of providing support because of both 
staffing and cost considerations; larger organizations may alreadyLhave 
support staffs established which c6uld add microcomputers to their 
responsibil ities. Because of thei r pogQlng jactivities in supper t of other 
customers, rejsponslbl«''veiid6rs may be more capable of responding to 
intermittent requests for assistance. Special requirements such as remote 
installations, an unusual application, or one-tiine group training may be best 
handled by consultants, who can provide a higher level of support for 
specialized applications. 

The support needs of microcomputer users can vary substantially with the 
applications. Systems that are brought in for basic stand alone applicaticais 
(e.g. light typing or spread sheet-type prctol ems) will result in relatively 
light demands on the organization. However, the use of a specialized 
internally developed program (e.g. a custom tax package for tax auditors) 
causes much greater demand on the organization both in the implementation and 
maintoiance. As a result more support and control may be required, 

5.4.3. Hardware Maintenance and Repair Planning ' * — 

Planning for microconiputer mainteiance is necessary in order to minimize down 
time and the resultant significant losses in productivity. TVo major choices 
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involved in hardware maintenance and repair planning are where to perform the 
repairs and by whan the repairs should be done. 

Possible repair 'locations include the site at which the systems are installed, 
a local service location, and a remote service'location. iJnMtfi repairs 
require that the service technician have an adequate sujply of spare parts, 
test equiptnl^t, and tools at either the site or rapidly accessible locatioa 
Local service centers require that the system 'be brought in for repairs;- 
central service centers require that the equipment be shipped to a distant 
location. . . , ' . 

The actual, repairs can be done by an employee of the us^r organization, the 
• vendor, or third party repair service. When the user organization takes the 
responsibility for maintenance, they take on the whole complex set of problems 
of running a repair service which includes maintaining inventories of parts, 
test facilities, and keeping an adequate staff. The greater the range of 
systems to be supported, the more coonplex the service requirements. 

Factory service technicians may be the most straightforward method of 
providing sup^rt; where warranties are involved, the vendor may require all 
service to be done by factory authorized personnel. Use of factory personnel 
may not be possible if the equipment is purchased from a smaller or newer 
company which does not support equipment at distant locations. Generally, 
service personnel from hardware vendors only service their own equipment. 
Thus, multivendor systems are often difficult, to service by means of factory 
personnel. 



Third party repair organizations can range from ^ single person working in the 
back of a ccmputer retail shc^ to a nationwide organization able to service a 
wide range of equipment brand names and types. This may be the best way to 
handle multivendor systems. However, as with internal repairs, warranties may 
be voided. . i 



Additional issues concerned with hardware repair include hours (typically 8-5 
Monday through Friday), charges for off-hour service, guaranteed response time 
and repair time, replacement of an entire system if repeated repairs are 
unsuccessful, leaner systems for use while repairs are being made, and the 
stockpiling of backup systems. In general, the more critical the system, the 
more service is required. 

5.4.4. Training 

Training is often necessary to enable users to gain the full benefit of their 
systems and applications. Even if users are capable of reading and 
understanding the documentajiion accompanying their systems, training can 
frequently be economically justified by shortening the learning period and 
conveying information which may not be contained in the documentation. 
Training can be provided by the vendor or the user organization in any of the 
following ways: ^ 




Self-pace^ instruction manual 




Ccmputer assisted instruction 
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Audio and/or video tapes - ' 

Class Instruction - .- 

Individualized Instruction. 

In general, the cost of training increases in the grder listed above. 
The effectiveness of any of these methods depends ow the quality of the 
instruction and material, the skill base of the trainee, the ccinplexity of the 
package, and the application requirenents. I'he amount of time devoted to 
training depends- on projected use of the system or software package. If a 
user intends to rely on a particular system as a key tool in doing daily work, 
then a substaijtial coimitment of tim6 to training may be warranted. 

Other factors to be considered in the development of a training program 
include availability to users in remote locations, hours available (swing and 
night shift employees may not be able to come in during the day), validation 
of success with provisions for follow up of in problon areas, advanced skills 
training, ongoing trouble shooting, and special application training. 



5.5. SOUICES OP MICROOOMPUTiatS 

Ttlis section describes sources of microcomputers available to Federal users. 
Section 5.5.1 describes microcomputer procurement through the General 
Services Administyration. Section 5.5.2 discusses procurement through the 
internal entities of Federal agencies, and section 5.5.3 discusses external 
sources of microcomputers. 

5.5.1. TAie General Services Administration 

The General services Administration has undertaken two new initiatives to 
facilitate the purchase t)f raicr6con|Xiters^ by Governs Schedule C 

and the Federal Information Product Center, Federal Supply .Code 70 (automated 
data .processing equipment) Schedule C is a specially nego'tiat^ed pricing 
schedule between the GSA and large volume vendors of microcomputers which 
contains the lowest prices available to the Government under most 
circumstances (exceptions are very large lot purchases by individual 
agencies). Agencies place their orders with GSA which in turn combines the 
prders, places them with the appropriate vendors, and then distributes the 
microcomputers to the ordering organizations, alie Federal Information Product 
Center is a retail-store like Betting operated by a contractor in Governmait 
supplied space. Ojie contractor acts much as any retail computer store, i.e, 
supplying microcon^ters, general training classes, specialized training and 
consulting (on a fe^ basis), and repair services. As a result of this 
arrangement, it is expected that the Government will get better prices than 
generally available in retail establishnaits while providing users with the 
convenience and level of service that such stores can provide (see section 
5.5.3). 
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5.5.2. Internal Sources 

» 

An alternative to GSA schedules is the centralizing of microcomputer purchases 
at .the agency (or- even regional) level. Internal organizational entities can 
supply, microcomputers in a number of ways including the-fol lowing: 

Tntemally^ Developed Microccnputfii: 

^Tf^ large number (on the order of thousands) of micirocanputers are 
to be installed* economies of scale may favor the internal 
development and support of a microcomputer. 5lie use of a standard 
bus can reduce costs and enables users to install specialized 
component boards in areas such as laboratory automation and data 
collection. Common ocmponents can be locally stocked for readily 
available sparer with a consequent reduction of repair times and 
cost, If cdtroon microprocessors and operating systems are used, a 
large base of software is available. 

Centralized Purchases of Microcotpiters from a Single Vaidor 

Tliis is the most easily implem^ted, justified, and certain approach- 
from the procurement and implementation point of view. Even if an 
external supplier is used, agencies may consider the use of 
G<3vernment employees for all support activities to increase system 
availability and performance and to reduce the risk of being left 
without suj^rt should the vendor abandon the product line. 

Centralized Purchases "bf Several Computer piijdiiCt Lines 

The purchase and support of several microccn^piiter line^ reduces the 
risk of obsolescence and dependence on a single supplier while 
sacrificing some of the standardization advantages noted previously. 
This approach is also functional in situations where microcomputers 
are being use(| in settings with widely varying user requirements 
(e.g. document preparation and laboratory automation). 

ft 

5.5.3. External Sources 

The use of external sources provides the widest choice at some penalty in time 
and paperwork. It is therefore justified when making large procurements or 
pilot purchases. Federal acquisition regulations provide three purchasing 
alternatives: GSA Federal Supply Code ,70 Schedule A, competitive 
procurement, and noncompetitive procurement with sole source justifications. 
GSA Schedule A is a list of prices that have been offered to the Government by 
vendors of microcomputers. (Senerally, these prices are discounted from list, 
but further discounts are sometimes possible by means of direct - negotations. 
Competitive procurement is .a more complicated process which involves 
announcing the procurement in the Gomnerce Business Daily, allowing vendors an 
adequate time to respond, and then evaluating the bids of all respondents. 
The process'^y take several months, and is best used for larger procurements. 
Noncompetitive procurement is possible if one source is clearly more 
qualified. Justification for sole source procurements must be provided and 
approved, a process which may also cause a delay of several months. An 
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example of a case where such a procurement is justified is the enhancement of 
an installed microcomputer-based local area network. 

Microcomputers, software, peripherals, and other • accessories can be obtained 
from a variety of sources including manufacturer's s^les representatives 
system integrators, retail ccmputer stores, consultants,' fJirect mail, user's 
groups,' and related sources. 

Manufacturer's sales representatives have been the primary source of larger 
conputer systems, and continue to be a ^source for large volume purchasers of 
microcomputfers (such as Federal agencies). The primary advantage of buying 
through these representatives is the ability to maximize agency influence 
I'esulting from large orders. Interaction with these representatives can 
facilitate the obtaining of proper support, favorable resolution of hardware 
and software problems which are (or po^|^^y are) the fault o^ the 
manufacturer, early knowledge of new or plan^l product announcements, and 
ability to obtain very specialized and expert advice in new or demanding 
applications development. However, because of the costs involved in 
maintaining a direct sales force and providing the additional user st^pport, 
manufacturer's representatives may not provide the lowest price for systems 
and software. Moreover, the fact that sales representatives are largely on 
commission may result in overly optimistic claims of equipment capabilities 
and the overlooking of more cost-effective alternatives. 

System integrators, also known as OEMs (Original Equipment Manufacturers) , 
provide complete systems based on components from a nuittoer of manufacturers. 
OEM organizations have been a prominent distribution channel for 
minicomputers, systems which both required a significant amount of technical 
support and provided relatively high unit profits. In microcanputers their 
major role seems tTo be evolving into serving as marketing and distribution 
entities for smaller manufacturers which produce high-end systems and can not 
afford their own sales organizations. Thus, the hardware offered by these 
sources may provide some unique capabilities such as multiuser capabilities, 
more advanced microprocessors, and more sophisticated operating systems. 
However, these systems are generally not the pc^larly recognized (and highly 
marketed) brand names, and their greater complexity and smal ler production 
runs will probably result in more operating problems and the cc*i!^equent need 
for greater support. Unfortunately, continued support of such products 
depends solely on the viability of both the system integrator and manufacturer 
and their commitment to a product line which may no longer be sold. In the 
rapidly changing and highly canpetitive world of microcanputers, this 
commitment is far from assured. ' 

Retail Computer stores are the most prominent distribution channel for 
microcomputers; estimates of their portion of sales range as high as 70% 
[FINK83]. Three mjor types of computer stores can' be defined: manufacturer 
owned retail outlits, franchises, and independents Manufacturer owned retail 
outlets carry on^ a single product line and will not provide discounts, for 
small quantit£^ purchases (unless the particular product is being 
discontinued). However, because of the organizational ties, these outlets - 
provide the highest levels of product avaijLability and support — in some 

cases, they are the only sources for certain products. Franchise stores deal 

with several lines of producjts, and are generally required to conform to 
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minimum standards of service and support. Because of these standards and 
their policies of lulling the most popular systems, they provide a relatively 
low risk means of j^rchasing eystgms. However, pricey are, generally dictated 
by franchise-wide policies, their product offeriJigs ^re liunited to a few best 
sellers in both hardware and software, and these dealers may* have limited 
abilities in the areas of - technical s|ipport and service. Independent computer 
stores conprise the largest and mo;?t heterogen'eous*portion of the xetail 
distribution channel. Some independerit retailers are quite similar to OEMs in 
their high level of support — the on^y difference may be the existence of a 
store front. Otiiers provide discount prices as a means of carpeting against 
the better funded franchises and manufacturer-owned outlets. Most also rely 
on personalized service, support, and technical capabilities t» attract 
follow-CMi business and referrals. 

The effectiveness of all types of computer stores for the sales and support of 
microcomputers can be seen in the fact that many large organizations procure 
their systems through these outlets IBUSW82, FOT831. Motivations for Federal 
agencies to use these sources include policies encouraging the use of Email 
local businesses, the ease of procuring systems, and the level of support 
provided to major clients. However, there ace so^ne dr||^cks to the use of 
computer stores as the primary microconputer procutementand support source, 
•Bhie unstable, capital intensive, and highly competitive environment in which 
microcomputers are manufactured and sold is not particularly conducive to 
small businesses, and their long term survival is by no means assured. 

Some microcomputer consultants have become sources of microcomputers through 
their activities on implementing systems in small and some medium siz^d 
organizations. Their Operations are quite similar to those of OEMs and value 
added dealers, but their canmdtments to a particular manufacturer may be less 
formal, and therefore more subject to change. Under the best circumstances, 
consultants with expertise in the application area and good relatioris with 
various manyif acturers and distributors can provide the most cost-effective 
means of implementing systems, under other conditions, customers have to pay 
for the time to learn the particular application, and the consultant may. not 
be sufficiently knowledgeable to make the correct decisions. Because of the 
relatively small number of independent microcomputer consultants, this channel 
is relatively unimportant for most purchases. However, if many systems in a 
specialized application are "being procured, a consultant with a good 
reputation and relev^t expertise may be the most appropriate source. 

Mail order is generally the means of obtaining the lowest purchase price for 
microcomputer systems, peripherals, and software. It is also the one with the 
highest risk and lowest level of support. The optimal use of mail order 
sources is the purchase of products already in use within the organization. 
In these'^ses, the oon^atibil ity and performance of the products are known, 
and testing of \ordered products can be easily performed by comparing with 
units currently in lise (it is not uncommon for both hardware and software 
shipp^ through normal mail or package handling companies to be defective whep 
it arrives). Knowledge of mail order prides is also important in conducting 
negotiations with other sources of microcomputers. The ability to quote a' 
lower price from a mail order source is often the most effective means of 
getting a lower price from a more direct source. 
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user groups and "coranunities" which have congregated on various private and 
qovernment networks are a source for a variety of public domain software, 
sane of which is quite powerful. For exan«)le, one of the most sophisticated 
RS~232/modem microcomputer communication packages is readily available trcm 
the ARPANET, and the New York CP/M User's Group has some 20 disks of software 
available for the. cost o^ the duplication, shipping, and handling. 
Unfortunately, the quality of such software is not uniform, and direct contact 
with the author (if known) is the only source of support. Thus, use of such 
software requires a significant investment of time and expertise, and is not 
recQjiSlfended for non-technical users. On the other hand, if .a public domain 
sof^are package can be adapted for use on a large numbej of Federal systems, 
it may be preferable to the purchase of proprietary packages. 
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CHAPTER 6 - CONCLUSIONS 

Section 6.1 discusses recommendatiais to end users and section 6,2 lists areas 
where further guidance and standardization activities are desirable. 

6.1, SDMMARY OF' KEY POINTS 

All readers considering the implementation of microcomputers in their agencies ' 
should be aware of the following: , ^ ' - 

Microc(Mt|xiter Technology is Advancing at a Rapid Rate 

The performance advances made by mair(frame manufacturers in two 
decades have been made by microcomputer manufacturers in five years. 
The unprecedented rate of new product offerings and a changing 
market require full-time personnel for effective monitoring. Users 
attempting! to select microconputers should either be cognizant in' 
the currait state of the technology themselves or use the services 
of those who are — especially for large procurements. Hie cost of 
such expertise is justified by the value to the organization in 
avoiding the fisk of inadequate systems rather than the price of the 
equipment and software being procured. 

Microconputers Require Constant Support 

Unlike typewriters, copiers, or some other office equipment, 
microconputers require continuous support in the form of training, 
maintenance, and new applications. The major objective of 
organizational microconputer policies is to ensure that users have 
such support. Unsupported system^ soon become a liability to the 
organizaticMi. 

A pplication Software Should £g XHs. iOL Microcoirputer .Systsm Selection 

Although intuition suggests that the ccHnputer hardware is the 
driving force behind computer acquisition, it is actually a 
secondary consideration. Nearly all 'business' (as opposed to home 
oriented) microcomputers have adequate computation capacity for 
most" Government applications, but not all are canpatible with the 
applications software which are required by users. Because the 
software defines the functionality of the computer, it drives the 
procurement decision. 

Successfijl Im plementation of Microconputers Requires a Broad Perspective 

A bread range of organizational, psychological, ergonomic, hardware, 
and other issues must be considered. This large number of factors 
may result in conflicts or incoipatibilities which roust be resolved 
by re- iteration of sonne of the steps in the selection process. The 
investment of time in the system procurement phase will result in 
substantial benefits over the system lite. 



119 

105 



Chapter 6 - Conclusions 



User Res ponsibility and Control 

A significant difference between microcomputers and mainframes is • 
the prSary focus of responsibility: for mainfr&ne computers, 
primary responsibility and control is placed within a dedicated 
department; in microcomputers, the end user has primary 
responsibility. ' .^-mhw 

This change in the focus of responsibility poses a S^^HRe to 
traditional ideas on the management and control oUffi^piting 
resources in large organizations. Personal compurors are 
controlled by individuals, not data processing departments. 
Although this control has resulted in greater responsiveness to 
individual interests, it has caused significant probl^ems for 
managers of information resources in Federal agencies. As rioted in 
ChapteV 5, this problem is not simply a matter of jurisdici^ional 
disputes; Federal statutes require the oversight of Government data 
processing equipment (including personal computers) to present 
fraud, waste, and abuse. Thus, although end users now have 
unprecedented access to ccnputers, they are subject to controls an^d 
,must be aware of the largej: context in which they are working. T^iis _ 
context consists of both technical aspects — i.e. compatibility 
with existing conammication systems, mainframe conputers, or local 
area networks — as well as organizational aspects — i.e. 
management of data security, data integrity, and- other issue^. 

ilsfii Intecaction ^ 

Users can control all aspects of the computer operation and can 
therefore tailor computer operations 'to suit their „.own needs, 
^ eliminate delays, , and reduce costs. However, inexperienced users 
also have an unprecedented ^ree of interaction with -a very complex 
system. Because of the limited expertise p£ most users, the system 
must provide a "friendlier face" to users' (i.e. operators) than in 
larger systems. 

This interaction causes a number of differences in the way data 
processing occurs on microconputers. In larger systems, a numb^- of 
individuals with specialized knowledge of sysi^em (^ration, system 
programning, application; progranming and data entry are involved. 
'^On a microcomputer these tasks are performed by a single individual. 
Although^e tasks are significantly simple th^ the C9r responding 
ones on larger systems, eid users must acquire a significant body of 

knowl edgeVitt-erder-fce use -these . systems -effectively.^ It is ironic — - 

that the\ breadth of knowledge required of millions of 
unsophisti<iated"end users is not required of experts on the larger 
systems. \ 

Performance 

Miprobomputeis typically have smaller memories and slower central 
' processing litiits than their larger counterparts. Thus, some 
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applications which run on larger cqmputers (e.g. large scientific or 
accounting programs) cannot.be easily converted to microcomputers. 

fiecurity J . . , j 

Because a single user can have exclusive control of the entire 
microcomputer system, microcomputer security is often less of a 
problem than security on mainframes. Users can physically remove 
and restore all critical data during the course their sessions, and 
can store removable mass storage devices such as disks 'or tape in 
the same manner as confidential documents and film. However, the 
ability to easily transport machine readable data makes 
organization^ more vulnerable to the misuse of data by employees 
with access authorization. Covert movement of a single disk or tape 
across a security boundary to a- compatible unauthorized system is 
much easier than the movepient of docunents or the larger disks f txind 
on minicanputers and mainframes. 

Data sharing is useful in administrative, legal, technical, and 
other settings. Unfortunately, single-user microccmputer systems 
are not amenable for communal ^access to a single data file. 
Although multiuiser systans allow common access to a single data 
storage device (e.g. a hard disk) , most do not have ^of tware which 
allow common simultaneous access to a single file. 



6.2. USEFUL AREAS FOR GUIDELINES^ AND STANDARDIZATION ACTIVITIES 

Desirable guidance and stan^rdization activities are discussed according to 
the user classification of Chapter 3. 

6.2.1. Clerical Users 

Useful guidance pfertaining to clerical users can be provided in the 
following areias: 

ErgoncmiC Desim. sLSES:s. SO^ Keyboards 

As has been noted previously, attention has been focused on the ergoncjmic 
aspects of CRTs and keyboards and their psychological and physiological 
iippact on qperators. Ketch [KETCH83] , ^d [BCND82] , . and other authors 

^have-suggested a -nimber-of -useful criteria, -although all point x?ut that- 

they are based more on intuition than on definitive research results. 
Continued investigations in this area are in. progress. 

Integration of Microcomputers in Taraer Systems 

Standardization activities in the area of office automation will aid in 
the integration pf microcomputers into larger systems including the 
ability to communicate. with other computers and to process data files 
produced by otHer software. Recent vef forts from NBS include guidance in 
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the setting of requirements [NBS&Ol , coded character sets for text 
processing [NBS81], and message interchange format standard tWATK82], 



Software for Clerical Users 



Clerical users can benefit from microcomputer software in the areaa of 
word processing, data entry, and conmunication. 'Guidance in the setting 
of requirements and .evaluation of existing systems is beneficial to 
these persc»inel, , 

6*2.2> Managerial and Adninistr'ative Users 

tjseful guidance to managerial and administrative users can be provided in the 
following areas: \ , • , 



A ppropriate Usage of Microcomjuters 

Guidance on the ^propriate use of microcomputers will maximize benefits 
' and reduce organizational risks associated trith their introduction. As 
experience with managerial and administrative usage of microcomputers 
increases, knowledge of. the important prganizational variables which 
determine appropriate atid inappropriate microcomputer uses will become 
available. Until that time,, it should be recognized that extensive 
comnitroent^ to microcomputer use in applications where there is no past 
experience (in either the public or private sector) carries some risk. 
Guidelines based on past successes and failures are frequently published 
I in trade journals [BLAN83, GULD82, MCCU82, OHAR82, ROMA83i, STJ082, 
* SMEJ83, WCHL82, and other sj. ' ; ^ >4 

Office Automation 

. Adninistrative users will benefit from guidelines in office automation 
and in integratiiw mi<irocomputers into such systems in a manner similar 
to clerical userj^ [GM)82, BBCK82*, ME¥E82]. 



Adninistrative users can benefit from the ability to retrieve information 
from a centralized computing r^sourcJfe-^ocylocal manipulation and display. 
This capability involves communication stancferds on a 'technical level 
^s well as guidelines in the appropriate use of this information op the 
organizational level. ^ . " , 

A ppilpatto it' EoftLnrg 'to^ Manaaetial -IIsage - --^ 



At least five key microcomputer application software are^s are useful to 
administrative and matiagerial userst word processing, data management, 
spread sheet analysis, graphics, and communication. The great;est 
benefit of such software can be obtained if new products are tested sjjid 
evaluated in X centralized Government agency. In_adaition, guidance on 
the setting of requirements in new application areas is also useful. 
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Additional software related to specific functions <e.g. project 
management or accounting) can be useful if it conforms to current 
policies and guidelines. Standards for accounting software have been 
stated by' the General Accounting Office. and numerous reporting 

formats for project management have been defined by a variety of 
Government agencies. Activities in the areas of certification of 
software to fulfill these requirements on the parts of individual 
agencies of centralized functions would be particularly beneficial tc> 
managerial users. 

6.2.3. Professional Usersr 

' ■ . ~ ' - 

Professional u^gers can benefit "from guidelines and standards in the following' 
areas: 



The ability to use software an^ data residing on mainframes (e.g. 
stajtistical analysis packages or economic data) in conjunction with 
software on microcomputers (e.g. spread sheet packages, graphics, or data 
management systems) can result in large productivity increases for-these 
workers. Thus, these users will benefit from standard? in computer 
^ communication including both low levels (i.e. those related to the 
•control of the data flew and the actual*j*iysical interoonnertion) as well 
as on the ^application level (e.g. converting data from a mainframe into a 
format usable by microcomputer ^plications). 

Microcomputer plication Software 

Professional users will benefit from standards in the five general 
application areas given for administrative users. In addition, these 
users "will benefit from a central source of information and guidance on 
specific packages in medicine, agriculture, earth science, social 
science, and other areas. 

6.2.4. Technical Users 

Technical users will benefit from guidance and standardization activities in 
' the following'' areas: „ ' 

Software Development Practices 

Disciplined software development practices may still be a novel subject 
to many microcomputer programmers. Recently announced micr'ocpmptiter 
software development systans which are based on either specialized 
microcomputei: hardware or minicomputiers may aid in this proceps. 
However, the field is infill relatively new, and additional conceptual 
work is neces^^j^' A companion report lNBS83a] discusses this area. 
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Language Processors 

Standards for microcomputer language processors (i.e. compilers and 
interpreters) currently. lag behind the state of the industry, and, as a 
result, the dominant products of ten become the de facto standards. ^ In 
sane cases, standards for ocmpilers used on larger systems can serve as a 
useful basis for certification. Thus, the General Services 
Adninistration has recently certified several PORIRAN, OCBOL, and BASIC 
implementations for microcomputers based on their standards for mainframe 
compilers. 

Comnunications . 

The ijT^xDrtance of coraitmications for all user groups has previously been 
stressed. However, the existence of standards in this area is 
particularly beneficial to technical users who, in many cases, are 
responsible for building conputer networks and writing the ccinnunication 
software. Current work by the IEEE, the ISO, and hardware vendors may 
have a large impact on this area in the near future. 

The ability to exchange data between two processes (on either a single 
computer or two separate systems) depends on a uniform file structure and 
data format. Work in this area is currently underway at NBS [WATK82], 
and several microcomputer software vendors have published their own 
standards for the transmiss^ion of spread sheet and graphics data. 
However, with the exception of the ASCII character set, this area remains 
largely unresolved, and additional work is necessary. 

O perating Systems 

One of the main reasons for the success of microcompufeiBrs has been the 
dominance of a single operating system for the most cannon 8 and 16-bit 
microprocessors. Hot/ever, the advent of more powerful systems and the 
introduction of numerous equivalent (but not compatible) products aimed 
at both software developers and end users may change this situation for 
the worse. Examples include the large number of UNIX variants and the 
recent introduction of mouse-based operating systems or application 
enviroiments. Sane standardization efforts are under way (e.g. the UNIX 
standards ooirmittee of /user/group), but additional work in this area is 
necessary to prevent the proliferation of different systems.' 
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Uie major objectives in formulating the definitions in thi^^ glossary were 
conciseness and simplicity, Thus^^less common uses of some terms are not 
presented. More formal and authoritative definitions are available in the 
following sources: 

American National Standards Institute, American National Dictiopary iot 
Information Processing Systems. . X3/!IR-l-82, Anerican National Standards 
Institute, Nfew yorkr 1982, (FIPS PUB 11-2) 

Institute pf Electrical and Electronic Engineers, tere Standard Glossary 
Ql. Software Engineering Terminology , IEEE Std 729-198^, Institute of 
Electrical and Electronic. Engineers, New York, USi^, 1983 



abort - the t;%pnination of computer program execution prior to its* completion. 

absolute machine code - a type of machine language which must be placed in a 
given part of memory in order to be executed. 

acceptance testing - tes^tincr t;ondQetnEn§--t^^ whether -la^^^^^"^ 

satisfies specific criteria and to enable the customer to determine whether to 
accept the sy statu 

acoustic coupler - a device to connect a computer or terminal to the handset 
of a telej*ione for data transmissiai (see also, modem) - 

address - the designation of a particular menjory location where data 
are stored or a port location where a device may be accessed 

° °alqor jthm - a finite*Hiet of well-defined rules that gives a sequence of 
operations for performing a given task. 

alphanumeric charactei; - a letter or number 

appl^catiCTis software - software which performs a specific task such as word ' 
processing, spread sheet analysis, etc,' (compare with system software) 

' ' ■ *' ■ 

ASCII - Anerican Standard Code for Information Interchange. A standard for 
the representation of 96 characters, digits, and printer control commands, as a 
series of 7 bits. The ASCII code is the most commonly used standard for the 
representation *£>f characters in memory and for data communication. 
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assembler - a computer program used to translate a program expressed in an 
assembly language (see below) into k machine language. This process is 
usually accomplished by substituting maqhine codes for assembly language 
mnemonics (see assembly language, below) and by replacing various forms of 
syntwlic addresses with specific memori^^ addresses. 

ass^ly language - a machine-specific language whose instructions are usually 
in one-to-one, correspondence with computer instructiona 

<■ 

asynchronous .serial coitminication - the communication of individual characters 
over a commit i cation channel as a series of bits. At the beginning of each 
char^icter, a "start '' bit is «ent to indicate.a new character. 

background processing - the execution of lower priority oonqputer programs 
when higher priority programs are not using system resources such as the 
CPU. Example: a user is editing a document while printing another in 
background. > 

l2flCiL ilE - a duplicate of a hardware system, of software, or of data intended 
as a replacement in the event of a malfunction. 

Ijfltch processing or Ijatch Jicdfi - the execution of a program or set of programs 
on the basis of a single initiating action (compare with interactive 
-processing) " 

baufll - A measure 'of transmission speed originally applied to teletype 
terminals using the Ijaudot code. Although not strictly the same, baud and 
and bits per second are equivalent when used for digital communication with 
the ASCII code (see ASCII, bits per second). 

b^hmark - the measurement of performance against a uniform set of standards. 

tiit - contraction of "Binary digii". The smallest unit "of information. A bit 
can represent two values such as off/on, yes/no, true/false, or 0/1 (see also 
byte). - ■ 

liitfi pet sfiszond - a measure of data transmission speed: number of bits 
transmitted through a data channel, in one second. 

bootstrap - a short computer program that is placed in ROM and whose 
execution brings an operating system (or other large program) into computer 
memory.. 

BES - see bits per second. 

iaifffij: - an area .of RAM that is used to temporarily store data from a disk, . 
ccwnunication port, program, peripheral device. 

taig - an error, mistake, or malfunction in a computer program (see debugging) 

Javte - usually a group of eight bita Bytes are the most convenient units for 
stewing letters or characters (because of the ASCII code), computer 
instructions, and system status indicationa V 
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iJfltbQdfi XS:i JtUkie display - A television-like display that is cxsnmonly used 
with a keyboard for displaying user input and computer responses. Also 
referred to as "video display tube" or VET. 



SisJd. - a location on a spreadsheet where either data or, a formula is stored. 

central processing iinit - The "heart" of the computer which executes 
instructions and ocnpiter programs. 

jCfidfi - (1) the representation of data or a computer program in memory such 
that it can be executed by the central processing unit; (2) the process of 
writing software; (3) one or more computer programs or part of a computer 
program; (4) encryption of data for security purposes. ^ ' 

command or iented software - software which responds to a command string 
entered 'by the user (generally through a keyboard). Compare with menu 
oriented software. ^ . 

* com piler A canputer program which translates a hj.gh order language program 
into machine language which can be executed by the central processing unit. 



it -- a basic part of a systan or computer program. 



conqputer program - a sequence of instructi6ns executed by the central 
processing unit, , 

concurrent processes - processes (i. 6. computer programs) that are executed 
simultaneously. ^ 

conversion - modification of existing software to enable it to operate in a 
different language , on ^ different system, or both 

£EU - see central processing unit 

r 

£BT - see cathode ray tube display . 

cursor- location marker on a computer display screen, usually an 
underline or rectangle. 

custom software - software specially developed for an individual application. 

data l2aa£ - informal: information stored in a computer. More formal^ a 
(1) a set of data, part or the whole of another set of data, and consisting of 
at. least one file that is sufficient for a givfsn data processing system; (2) a 
collection of data fundamental to a system; (3) a collection of data 
fundamental to an enterprise. 

- correcting mistakes in a catpater program (see bug) ' 

default conditio^ or setting - a condition or setting that iexists until 
changed by the curator. An example of a default condition is a standard 66- 
line page. . ^ , . 
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digitizing iablfit - a device which indicates the relative position of a stylus 
(or similar device) on a surface to the CPU.' 

diak - a circular, flat objefct made of plastic or aluminum and coated with 
magnetic ..fflateria^^ 

disk cartridge - a disk and the surrounding packaging material also referred 
to as a disk pack. Generally used in relation to removable hard disks. 

disK driXfi - the mechanical device and electronics which read and write data 
f ran the disk into the CPU and memory. ' 

diskette - a small disk. Generally used when referring to floppy disks of 8 
inch size or smaller. - . 

documentation - Ttechni^sal datar including computer listings and printouts in 
human-readable form which (1) document the design or details of the software, 
(2) explain the capabilities of the software, or (3) provide operating 
instructions for using the software to obtain the desired results from 
computer equipment. It also includes program listings or* technical manuals 
describing the operatjion and Use of programs. , 

fiditOt - a computer program that permits selective revision of computer stored 
data. ■■ s/ 

efficiency - the extent to which software performs its intended functions with 
a minimum consumption of resources. 

execution - the process of carrying out an instruction or the instructions 
of a canputer program by a computer. 

field - a place in a record or file for storing an individual item of data 
such as a name, account ntanber, etc. 

file - a collection of records or data which is stored, used, or generated by 
a computer program. 

flltet - a program which takes the output -from one program, performs an 
operation on it, and passes it along to a second program. The tenfl originated 
in the qNIX operating system (see, also pipe) . 

firmware - canputer programs and data loaded in a class of monory that cannot 
be easily modified by the user during processing. 

tlSlS^ disk - a disk made of mylar or a similar flexible plastic material and 
- coated with magnetic particles and packaged in a paper jacket. Common^ 
V diameters are 5.25 and 8 inches. Alsp referred to as flexible disks. 

font - typeface style "(e.g. Italic, • Courier , Letter Gothic, etc.) • 

footprint - the area of a desk, tabj.e, or other f rat surface taken up by the 
microcxmputer and associated equipment. 

I' 

* . * if ' . ' 
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foreground - tihe. primary task being executed in a con^wter where several tasks 
are being run slinultaneously. Exaroplei a user performing a text editing task 
in foreground while another document is beincf printed in background, • 

hard copy - compter output printed on paper (as opposed to a disk or a CRT) . 

hard disk - a disk of aluminum or other rigid material which generally has 
greater storage capacity and allows for higher access speed than a floppy 
disk. 7U.SO referred to as a rigid >"disk. 

hardware - the electronic and mechanical devices that comprise a computer 
system. ' 

help facility - software which controls the display of instructions on the 
CRT screen when the user requests information while running a program. 

high level language - see high order lanc|uage 

Mgh order languag e - A connputer prograrnming language that does not reflect 
the structure of any one given computer and that can be used to write machine 
independent-programs. A single high order language statement may represent 
many mchine operations. ' , ^ 

im plementation - (1) a realization of an abstraction (e.g, a system design) in 
more concrete terms (e.g. the actual system); (2) the process of translating a 
design into a working computer program. 

inf ormatioi ^ utility - see value added network 

instruction £gt - tJie set of instructibns which a centraQ processing unit 
performs. * ^ 

Input -" data entered into a systen program by an operator, from a file, or 
from another device (e.g.' a piece of laboratory equipment). 

install - (1) the act of bringing a computer to the location where^ it is to be 
used and performing tests to ensure that it is operational; (2) the act of 
adjusting parameters on a. purchased computer program so that it is compatible 
with the particular hardware and peripherals on an individual system. 

installation - a way of referring to the computer system (e.g. "...this 
microcoijputer installation performs the following functionss.^"); also can be 
used as noun form of definitions (1) and (2) of insi-^li (above). 

integration - ensuring that all components (both hardi^are and software) of a 
particular system work together and making the appropriate changes when they 

do not. ^ 

• i ■ M 

- L . . , ' - . 

interactive processing - a type of program execution in which the user is 
involved in the j3ata input and control,. Its purposes include the i)rovision of 
immediate feedback to the user, the exchange of informatiojn between the 
ocn^Hiter and the user, and the correction of data input errora 
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interface - ' (1) a shared boundary; (2) a hardware component which links two 
or more devices; (3) that function of a computer program which presents 
information to an operator and accepts user responses. 

* .. . • 

inter preter - a computer program Which translates and executes each statanent 
of a computer language written in a high order language (e.g. BASIC or Pascal) 
before proceeding to the next. 

joy stick - a stick-like pointing device (typical ly 1" to 3") which can be used^ 
to indicateJ:Ke speed and direction of cursor movement to the CPU. 

justification - the alignment of letters on a margin (e.g. this glossary is 
right-justified) . 

light pen - a pointing device which uses light from the CRT to indicate 
position to the CPa ' 



- see software maintoiance 



m^hine language - a representation of instructions and data that is directly 
''executable by the central processing unit. « , 

macroassembler - an advanced type of assembler that allows the user t© define 
a sequence of instructions that are inserte^into a program during assembly. 

menu - a screen display which lists tasks the computer can perform so that the 
user can select the desired operation. 

^enu-oriented software - software which responds to the designation of a 
choice from a menu (see above) rather than an explicitly typed in comnand. 

meiae - the combining of information from two sources (generally two data 
files) into a third. 

microcomputer - a computer system consisting of a central processing unit, 
random access memory, and interfaces to pass data to and from peripherals 
(such as disk drives) v^ich is based on a microprocessor. 

microprocessor - a central processing unit in a single integrated circuit. 

modem - acronym for modulator /demodulator. During data transmission, the 
modem converts the conputer representation of data (generally a voltage level) 
into an audid signa3/|Dir transmission x)f telephone, teletype, or intercom 
lines. When receiving data, the modem converts the audio signaJr to the 
computer data ib^resentation. ' 

juaJulfi - a well defined section of a con^ter program with a specific function 
such as accounts receivable. 

mouse - a small handheld pointing device which, when moved on a flat surface, 
calises a corresponding movement of a cursor on a CBH! 
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multiprograwning - see multitasking 

multiprocessor - a computer which consists of several processors which may 
execute progr^s simultaneously. 

m ultitasking - the concur rait execution of Iseveral programs. 

object program ox module - a fully compiled or assembled program that can be 
loaded into a counter memory and executed. 

flff line fitfitage - storage of data on media which are physically r^oved f rem 
the system (e.g. a magnetic tape or a floj^ disk) and stored elsewhere. 

operating jgyfitero - a computer program that controls the operation^ of the 
cai^Hiter including the execution- of other computer programs, the routing of 
data, and the control of peripherals. 

■ - . ' ■ " ■ ■ " " 

output - information that comes from the computer as a /result of its 
processing. j 

overlay -• the technique of running a program which is too large for the 
computer memory by keeping inactive parts on disk. 

parity Mt - a bit indicating whether the sum of a previous series of bits 
(generally a single character in asynchronous serial communication) is even or 
odd. 

parity checking ^ the ooit^arison of the sum of a previous Iset of bits with the 
parity bit to determine if an error in the transmission. or receiving of the 
message "has occurred. 

password - a code word required to use a c^omputer system or gain access to 
program or data files. 

patch - a modification of a program written in machine language that may be 
used to replace another part of a program (which is generally an error) 
without goipg through reassembly or reoompilation. 

" 

peilphexal " a device such as a CRT, printer, or disk drive which is not an 
integral part; of the CPU and memory or devices which provides the CPU with ' 
outside cownunicaticMi. 

pipe - the means by which data are passed through a succession of tasks (some 
of which may be fi lters) . The term originated in the tJNIX operating system 
(see also filter). 

pointing device - a device which is used to communicate cursor position 
irtf ormation to the CPU. ' ' - * . 

portability - a quality which desdfcibes the ease with which software can be 
transferred from one computer system to another-. ' 
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print spooling - the ability to print the contents of a file in background 
while another task is being executed in foreground. 

prompt - a message informing a user that a systen is ready for the next 
conmand, message, or other user acticHi. 

protocol - a set of rules that govern the way in which computers or other 
functional units transfer data. 

EMI - acronym for random access memory (see below) 

jI^OldOD SS^SSS. - the ability to access a 'particular data item wi^^out having to 
read through all previous items. 

rand<Mn access £il£g - files which are structured to aHow access to any. 
particular record without having to search through all previous records in a 
file. 

random access pemoyy - a memory that can be read or altered directly by the 
CPU. Hie most <3cinnon types of random access memory retain their contents as 
IcMig as the system has power, but lose them whenever the power is turned off. 

read-only memory - a memory that can be read by the CPU but can not be 
altered. Generally this memory retains its contaits in the absence of 
electrical power. ' ' 

read-write memory - see random access memory 

\ 

real time ccmputina - the performance of a ocmputaticn during the time that a 
related physical process happens so that results of the computation can be 
used to ii^e the physical process. 

record - a oollectic»i of relat^ data treated as a unit. 

requirement - (1) a condition or capability needed by a user to solve a 
problem or achieve an c*)jective, (2) a condition or capability that ^nust be 
met or possessed by a system in order to satisfy a Contract, standard, 
specification. Or other ' formally imposed document. The set of all 
requirements forms the basis for subsequent development of the system (see 
also specification). 

se quential access - the ability to access data in a sequential manner, i.e. 
the order in which it is stored. The best example of sequential access is a 
file stored on magnetic tape. However, files stored on disks may also be 
sequential. 

software - computer programs, procedures, rules, and possibly associated 
documentation and data pertaining to the operaticxi of a computer system. 

. software ntfiin^.fip;^t7ft - roodificatd.on of a software product after delivery to 
correct faults, improve performance ot other attributes, or to adapt the 
product to a different system. * 
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£Qj2t - the ordering of data (iifost commonly records) in a specific order, e.g. 
alphabetically, in ascending numerical order, etc. 

iiOdfi the form of software used by programmers to create and modify 
software. - 

specification - (1) a document that- prescribes in a complete, precise, 
verifiable manner, the requirenerits, design, behavior or other characteristics 
of a system or con^aonent, (2) the process of developing a specification, (3) a 
concise statement of system requirements^to be satisfied by a product or 
system indicating, whenever appropriate, the procedure by means of which it 
may be determined whether the requirements given are satisfied. • 

support --;?the jftrovision of advice and ex^rt assistance in the operation of 
the counter syston and application software. ^ 

Syatfim - a collection of people, machines, and ^tiethods organized to acconplish 
a specific set of functions. 

5yat£m software - the (grating system and accompanying utility prograns that 
enable a user to control, configure, and maintain the computer system, 
software, and data. . , 

utilities - computer programs or routines which perform general data and 
system related functions required by other' application software, the operating 
system, oi: users. 

validation - the process of evaluating software to ensure compliance with 
software requirements and correctness. 

ialue 5ddfid network - a network of computers owned or controlled by a single 
entity which can be used for data transmission, electronic mail, information 
retrieval, and other functions by subscribers. 

victual jDaDQiy - a technique by which the central processing unit can use more 
memory than is available in RAM. Hie operating system writes the contents of 
inactive memory to a disk drive' when that portion of memory is needed for 
another purpose and retrieves the contents f raif the disk as appropriate. 

Winchester difit - a type of rigid disk in a sealed unit. . 
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APPENDIX B - ANNOTATED BIBLIOGRAPHY 

This appendix lists some of the useful books and articles which were 
encountered in the course of preparing this report. This list emphasizes 
works which can b^' read with little or no previous computing background, and 
are or'ganized according to the following topics: 

General Overviews 

Microcdmputer Market 

Word Processing and Auxiliary Programs 

Administrative Applications 

Communications 

Organizational Issues 



GENERAL OVERVIEWS 

Laurence Press, .^Getting Started in Personal Computing", i?nCongUtingr Spring, 
1^81, p. 8 

Describes microcomputers with an emphasis on the basic hardware 
components, ■ The article can be easily read by those without prior 
knowledge of computing. 

Carol Brown, ^ Miniconpiter Siirplified . The Free Press, New York, 1980 

A book oriented to non-technical managers in organizations considering 
the introduction of minioompute;:a. The volime is well written, and most 
of the material on counter hardware and software development is relevant 
to microcomputers as well. 

a Whieldop, "Make Vay for Microoonpiters", Conpiter Decisions , Jlme, 1982, 
158 

Describes microcomputers from managerial point of view and does not 
require any computing background for understanding. Gives examples of " 
applications and describes motivations for use. The article also 
includes a discussion of organizational issues including management, 
configuration control, and relations with the data processing department. 

\ - ■ 

H.D. Toong and Amar Gupta, "l>ersonal Computers", Scientific Americanr 

December, 1982, p. 86 

* . ' '' 

A more serious and thorough overview intended for a scientifically 
sophisticated audience but not oifie which is expert in computing. 
Describes has^bi^reM the functional organization of microcomputers, some 
of their history, market trends, and applicationa 
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Otto Friedrich, et al., "The Computer Moves In", JCime Magazine, January 3, 
1983, p, 14 

An. easily read series of articles which describe the Time Magazine "Man 
• (Machine) of the Year". Although not technically informative and overly 
sensational in some areas, the articles can 'provide readers with a 
feeling of the microconputer industry personalitiesy itHjer ei^ffi 
some future market trends. 

MICROOOMPUTJER MARKET ^ 

International Data Corp., "Computer Systems and Services", Fortune , May 16, 
1983, p. 24 

A marketing oriented overview of the microcomputer industry which is a 
digest of the results of past IIX^ studies. Although covering all aspects 
of the computer industry, the bulk of the report covers microcomputing 
and related topics. 

Staff, "Special Report: Look Ahead 1983", Business Coirputer Systems r January, 
1983 

A digest of projections and expert opinions and projections on the 
. microcomputer industry. Sonewhat s^sational ized, but seme interesting 
ideas, e.g. "the office of the future is as far off as it was five 
years ago"; "by 1990, every manager will have computing power through 
desk top sys*rems"; and "computing power is a commodity.. like 
electricity" 

WORD PRCXISSING AND AUXILIARY PROGRAMS 

Laurence Press, IfiH jCofit lioid Processing , Addison Wesfley,* 1983 • ' 

This book describes. word processing oh microcomputers and is/oriented to 
readers with no prior experience. As part of the discussion, the book 
also describes microcomputer hardware, software, and integration of word 
processing with other applications. A list of selection criteria, sample 
hard»/are configurations, and vendors is alsp included. 

Terry Kepner, "Spelling Checkers for the TRS-80", Popular Comxitinq January, 
1983. ' ^ 

c 

■J 

This article compares four spelling checkers for the TOS-80 and in doing 
so presents a checklist of 20 program attributes, A discussion of the 
pros and oons of each program is also provided, 

Robert Perry, "Mailing List Packages — a Mainstay for Business", Personal 
Coigputing, January, 1982. ^ 

This is a comprehensive article covering mailing l|st packages. SeveraU. 
sample applications are outlined and package featurjBS are discussed. 
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R^rd definition, sorting, file size, retrieval, report generation, and 
mJklmerge are covered. Eighteen packages are reviewed briefly, each has 
a S^-paragraph description and a checklist of features and capacities is 
presented* \ " 

Karen Shelby, "Information Processing in a Legal Environment", Proc. 
S ynoptican X, Kansas City, MO, June 24, 1982 

Defines the functional requirements of computing in a private legal 
firm.The most important need is multiuser .word processing (i.e. the 
ability of several typists to work on the same document).' Other needs 
include timekeeping, schedules, and. docket control. 

ADMINISTOATIVE APPLICATIONS 

Andrew Fluegelnan, 'Visi-Calc versus SuJjerCalc, a Head to Head Comparison", 
PC Ma gazine, August, 1982. 

This article compares the two programs and in doing so establishes a 
framework for conparison with other interactive" spreadsheet processors.. 
Some basic terms are defined and several general areas are covered, 
including, interaction and data entry style, arithmetic precision, 
formatting options and flexibility, display data types, replication, 
cursor movement, block operations, windowirig and protection, functions 
and operators, speed of calculation and filt transfer, output options and 
documentation. An informal description of a pre-release version of 
Multi-Plan aj^ars in the same issue of the magazine. 

Myron Berger, "Scenarios for Success: The Vision of Spreadsheeting", 
Personal Con putina, i^ril, 1982. ^ 

This is a short article written for the beginner. It briefly describes 
what a spreadsheet program is and then gives a number of exan4)les, based 
on mini-interviews with users. The applications stress the ease of "what 
if" analysis and cover areas such as proposal and bid preparation, 
business plans, alternate budget scenarios, and aggregation of 
departmental budget reports. Resources such as newsletters, users 
groups, prewritten applications and books are also mentioned briefly. 

Robert R. Mueller, "Business Planning Software", Personal Computinqr 
November, 1982. 

This article discusses non-planning applications of planning software, 
makes the distinction between screen-oriented and program-oriented 
programs, and covers the use of models. The author feels that the 
program-oriented languages are easier for clerical people to run once the 
model has been constructed by a professional. The necessity tof 
understanding the assumptions progranined into any model you use and ^e 
risk of not doing so when using conroercially available templates (prte- 
progranined models) is emphasized. A list of several software suppliers 
is. included, ' - 
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Carl Heintz, "Evaluation of Financial Planning Packages", Interface Igsu July, 
1982. 

« 

^ This article sets out a ^Erameyork for the comparison of firtancial 
planning packages. Scjine earlier timeshared packages are mentioned for 
historical perspective and the distinction between screen- and program-' 
oriented languages is drawn. The author feels that in general, screen- 
o;:iented languages are less powerful, but siirpler for non-progrannmers to 
learn to use, since they are less abstract. The bulk of the article is 
taken up with brief comments on each of 28 attributes which may be used 
in conparing programa A checklist accompanies the article, scoring 32 ^ 
programs on the 28 attributes, 

jack Bishop, "Beyond the Peaks of Visicalc", Bytfi, October, 1982, p. 29 

This article compares three spread sheet processors with VISICALC and 
includes some insights on spread sheet operation and user criteria in 
addition to a discussion of the merits of the three packages. 

M. Lasden, "Computer Aided Decision Making", Computer Decisions , Novemberr 
1982, p. 158 ^, 

Defines the requirements for. a computer-based "decision support system" 
which includes data query and retrieval, spread sheet analysis, and 
grapAiics. Points to need for mainframe based decision support systems on 
the basis that some applications are too big for a microcomputer in large 
organizations. 



COMMONICATlCNS 

Michael Killen, "The Microcomputer Connection to Local Networks", JData 
Conwunications. December, 1982. 

This article summarizes an extensive report prepared by Strategic Inc. 
it surveys the low-speed local network market, as opposed to Ethernet or 
broadband networks. There are about 12,000 low speed networks installed 
as compared to 800 high speed networks. A typical configuration is four 
personal computers with floppy disk, and a shared hard disk and printer. 
Typical data rate is 3 million bps. The cost of a typical' network 
interface is $500 today and is expected to drbp to about $50 by 1987 
(compared to $2,000 and $500 for Ethernet). The author states several 
advantages of LANs over timesharing and gives brief descriptions of 16 
producta Four installation case studies are also summarized briefly. 
0 The lack of standards, is noted; however, Corvus and Datapoint are 
encouraging^ o^er vendors to use their networks. «- 

Wallace B. Riley, "Local Area Networks Move Beyond the Planning Stage"V 
Systems .and Software^ November, 1982. , ^ 

This article surveys LflN technology choices. Baseband and broadband are 
*■ both covered in roughly the same depth. Pros and cons of the two 
approaches are mentioned. Issues and terms encountered in PC networks 
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(virtually all baseband today) such as random versus cx>ntroHed access, 
x»lli8ion detection and token passing strategies are simroarized* 

G. FitzGeirald and T,S. Easonr nnyigpftntalfl of nat-a ammunication y Wiley, 1978 

This book provides a fundamental description of data coninuni cation. 
, Because it is intended as a textbook in management s^ihools, the book is 
rigorous but does not require a technical background. However, some 
* background knowledge of computing is necessary. Although not, aimed at* 
microoanputers, the technical concepts it discusses in the areas of both 
synchronous and asynchratious oonmunication are relevant. 

Tony Bove, "What is Teledon, and Why is AT&T Adopting It?", Datacast . No. 1. 

■- ■'*■■ 

Teledon is a presentation level protocol for- the conminication of text 
and simple pictures between computers. The notation for describing 
pictures consists of a "command" specifying text, point, line, arc, 
rectangle, polygon, bit'-mode or control-message, followed by coordinates 
(9-bit accuracy) and operands* The notation is not fully specified in 
this article, but a discussion of standardization in the general 
"videotext" area is presented as are descriptions of 12 Teledon-based 
projects in the US and Canada. Teledon interpreters have been 
implemented on several personal computers. 

Errol !^th, "Videotex", £EZM BfiiifiSif January/February, 1983. 

4 

AT&T has proposed a new standard for picture and data transmission. It 
is now being studied by ANSI. Olie protocol includes provision for text, 
mosaic gijaphics, lines and shapes, a redefinable character set, and some 
control- operations. This article summarizes the protocol. 



GRAPHICS * , 

Elisabeth Bayle, "Picture This and Do it Yourself", Personal Computing . 
August, 1982. 

* An introductory overview of business graphics applications and software. 
Thumbnail sketches of several industrial applications are given. Short 
. reviews of several, programs for the Apple, IBM and C3>/MH3ased computers 
are given. Presentation systems, including one which is capable of 
limited animation and mixing of video and digital display are discussed 
in addition to static graph-design systems. A list of vendors is 
provided. 

David Gabel, "Computer Graphics: fhe Perfect Visual Message", Personal 
Computing , February, 1983. 

This article gives an overview of business presentation graphics (bar 
charts, pie charts, plots) on personal computers. It surveys input 
devices (keyboard, light pehr trackball, mouse r (digitizer) and output 
devices (display, plotter, printer). Software is discussed in general 
terms. An Qxantple using PFS Graph is shown and some sample applications 
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are mentioned. An index of hardware and software vendors acxxwipanies the 
article. 



9 ■ ^ . 

URGANIZATIONAL ISSUES 

Amy Wohl and Kathleen Carey r "We're Not Sure How Many We Have", Dataipation . 
December, 1982, p. 106 

Discussion of 'liie results of a survey of corporate microcanputers which 
identifies significant problems in the areas of configuration control, 
oomnunication,* -software, har^are maintenance, and support. v 

» . . 

Robert A. Becker, "Hie Need for Rigorous Analysis of OA Proposals", Computer 
Decisions, November, 1982, pt 78 

Discusses problems ii? implementing office automation systems among 
users who are reluctant to use any kind of autonated data processing 
equipnent and those who are overly enthusiastic about, the hardware. Also 
identifies difficulty of cost jujstifying installation of office 
/' automation systems, 

B.G.F. Cohen, M.J. Smith, and L.W. Stammerjohn, "Psychosocial factors 
Contributing to Job Stress of Clerical VDO? Operators", AEIES Dfficfi Automation 
Conference . American Federation of Information Processing Societies, March, 
1982, p. 117 

Describes the results of a NIOSH study of VET (i.e. CRT) workers in laurge 
organizations. Although the study was apparently (not explicitly stated) 
for mainframe systems, the results have implications for microcomputer 
based systems as well. Among the conclusions are that job stress from 
other factors can be exacerbated by the introduct^ion of computing 
technology and that clerical workers experienced 'more stress than 
managerial workers because the latter had discretion over the use of 
their systems. 

Comptroller General of the United States, Strong Central Management pf Office 
Automation UiH jQQst Productivity^ United States General Accounting Office 
Report GAO/AFMD-82-54, September, 1982 . ^ , 

A study of five office automation installations in Government agency and 
one corporation. The study pointed out a number of /problem areas and 
cited problems in establishing cost justif icationfand folKwing the 
progress of the system after installation. Uie stucly iias , implications 
for major purchases of microcomputers by Federal agencies as well as the 
installatic»i of microcomputer-based local area networks as well 
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{^'^ Order From National Technical Information Service (NTiS). Sprlnt^leld, VA. 22161 
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Superintendent of Documents, 
Government Printing Office, 
Washington, DC 20402 

Dear Sir: * 

Please adcfe my name to the announcement list of new publications to be issued in the 
scries: National Bureau of Standards Special Publication 

Name . , 
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Address . — _ ^ — 

City • i__ State , . Zip Code 
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NBS TECHNICAL PUBLICATIONS 



PERIODICALS 

NaiionttI Bureau of Standards rcptfris NBS research and develop- 
mcnl in those disciplines of the physlciil and engineering stiiences in 
which the Bureau is active. These Include physics, chemistry, 
engineering, mathcmailc$, and cpmputof sciences. Papers trover a 
broad rijnge of SMbJecis, with major emphasis on measuremeni 
methodology ^nd the basic lechnplogi^ underlyin| siandardiyatiph. 
Also included from tirne lo iimc are survey articles on topics 
closely related to the Bureau's technical and scionufic programs. 
As a special strvice lo subscribers each issue contains complete 
citations lo all recent Bureau publications in both NBS and non* 
NBS media Issued six times a year. Annual subscription: domestic 
$18; foreign $22.50 Single copy, $5.$0 domestic; $6 90 foreign. 

NONPEWODICALS 

Moiio|rt|ilis--Mttjor contributions to the technical literature t>n 
various subjects related to the Bureau's scienlific and technical iic- 
livitics. 

Handbooks— Recommended codes of engineering and industrial 
practice (inclu^ling safety codes) developed in coopcralipn with in- 
leresicd industries, professional organizations^ and regulatory 
bodies. . 

Special Publications— Include proceedings of conferences spon- 
sored by NBS, NBS annual reporis. and other special publications 
appropriate to this grouping Such as wall charts, pocket cards, and 
bibliographies 

Applied Mathematics Series— Mathematical tables, manuals, and 
studies of special interest to physicists, engineers, chemists, 
biologists, malhematicians, computer prpgramniers* and others 
engaged in scientific and technical worlt. 

' Niitlon«l Standard Reference Data Series— Provides quantitative 
_ da ta on t ^ physica l and chemical proper ties of mat erials, com- 

piled from the world's literature and critically evaluated. 

Develope*d under a worldwide program coprdinined by NBS under 

the authority of the National Standard Data Act (Public Law 

90-396). 



NOTE: The principal publication outlet for the foregoing data is 
the Journal of Physical and Chemical Reference DiJta (JPCRD) 
published quarterly for NBS by^thc American Chemical Society 
(ACS) and the American Institute of Piiysics (AIP). Subscriptions, 
reprints, and supplements available from ACS, 1 155 Sixteenth St., 
NW, Washington. DC 20056. 



Puildlug Silence S«rlet*-Dis^cminales technical i»^f6rm8ljon 
developed at the Bureau on building materials, componcnlti 
:^ygtim4T.4M^jtf^olc.j»juictur c 5.. The mm Vtmm JJg sj ^g h r^ Ul iU!^ 
test methods, and performance criteria related to the structural and 
environmental functions and the durability and safety Charac- 
teristics of building elements and systems 

technical Notes— Studies or reports which arc fomplele in them- 
selves but restrictive in their trealmenl of a $ubject. Analogous to 
monographs but not so comprehensive In scope or definklve in 
treatment of the subjeo* area. Often serve as a vehicle for final 
reports of work performed at NBS under Ihe sponsorship of Other 
government agencies. / 

Voluntary Product Standards— Developed under procedures 
published by the Department of Commerce in Part ICf, Title ll of 
the Code of Federal Regulations. The standards establish 
nationally recognized requirements for products^ and provide all 
concerned interests^with a basis for common understanding of the 
char^<Sterlstics of the products. NBS administers this program ttl H 
supplement to the activities of the private sector standardizing 
organizations. 

Consumer Information Scries--- Practical information, based On 
NBS research and experience, c<^vcring areas of interest to the con- 
sumer. Easily understandable language and illustrations provide 
useful backgrounii knowledge for shopping in today's tech* 
nological marketplace. 

Order the tbove ^BS publications from: Super in tendrnt of Docu- 
mentK. Government Printing Office. Washington. DC 20402 
Order the following r^BS pui}lications^flPS md NBSIR s-^from 
the National Technical information Service .Springfield, VA 22 16 1. 

Federal Information Procewing SumJarda Publleatlont (FIFS^ 

PUB)--Publications in this scries collectively constitute the 
Federal Information Processing Standards Register. The Register 
serves as the official source of info r mation in the Fede ral Go^<?<'"* 
ment regarding standards'issued by NBS pursuant to the Federal ' 
Property and Administrative Services Act of 1949 as amended. 
Public Law 89-306 (79 Stat. 1127), and as implemented by Ex- 
ecutive Order Il7l7(38 FR 12315, dated May II, 1973) and Part 6 
of Title 15 CFR (Code of Federal Rcgultftions). 

NBS Interagency Reports (NBSIR^A special series of interim or 
final reports on work pcrformedl^lpf NBS for outside sponsors 
(both government and non-government). In general, initial dis* 
tribution is handlcd*by the sponsor: -pubjic distribution is by the 
National Technical Information Service , Springfield. VA 22i6t. 
in pupcr copy or micrpfichc form. 
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